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AHHOTAIAIJI 


B KHHre paccMOTpeHa opraHH3aiiHH ivu>HTa>KHbix pa6oi h onHcaHbi coBpeMeHHbie tcxhojio- 
rn^ecKHe npneMbi MOHTa>Ka, peryjinpoBKn h HcnbiTaHHH y3JiOB rHApoTyp6HH, rHAporeHepaTopoB, 
peryjiHTopHoro obopyAOBaHHH h rHApoarperaTOB b i^ejioM. npiiBe^eiibi HopMbi Ha ftonyciHMbie 
oTKJioHeHHH npH MOHTaHce h HajiaAKe 3 perjiaMeHTHpoBaHHbre TexHHHecKHMH ycjiOBHHMH Ha moh- 
tsok rHApoarperaTOB. flaHbi peKOMeH a&uhh no ycTpaHeHHio HeAOCTaTKOB b pabcxre ruApoarpera- 

TOB. 

KHHra npeAHa3HaneHa ajih HHHceHepHo-TexHHMecKHX pa6oTHHKOB, 3aHHMaiomnxcn npoen- 
THpoBaHneM np oh3boactb a MOHTa>KHbix pa6oT, a Tannce a*tch MOHTa>KHoro h sKcnJiyaTaqHOHHoro 
nepcoHajia rHApoaJieKTpocTaHAHH. OHa mojkct npeACTaBHTb HHTepec h ajih 6ojiee niHpoKoro 
Kpyra HHTaTejieii, pa6oTaiomHx b oOjiacTH rnAP03HepreTHKn. 


SCOPE 


This Publication is concerned with the problems of installation and gives a descriptive 
account of the present day installation techniques, adjustment and testing of elements of hydraulic 
turbines, hydrogenerators, control gear, and a unit as a whole. The Publication presents standards 
of permissible deviations in installation and adjustment in accordance with appropriate spe¬ 
cifications for installation of hydropower units. Recommendations are given for elimination 
of troubles in operation of hydropower units. 

The present Publication is intended for engineers and technicians engaged in designing 
of installation operations and also for installation and service personnel of hydroelectric power 
plants. The Publication is believed to be of interest for a broad section of readers concerned 
with water power. 


BBE^EHHE 


INTRODUCTION 


Ho npHMepHbiM noAcnexaM, MEipoBOH 3anac boabi 
uiipeACJieu HeMHoruM Sojiee 1500 mjih. km 3 . H 3 axoro 
3 anaca okojio 1370 mjih. km 3 HaxoAHxen b Mopnx h 
OK eaHax, 3 aiiHMaioiAHx Oojiee 70% Been noBepxHocxH 
aeMHpro rnapa. Okojio 100 mjih. km 3 cocxaBjiniox noA- 
aemubie boabi, npHMepHO 30 mjih. km 3 naAaeT Ha aojiio 

CBH^aHllKIX BbICOKOropHbIX JieAHHKOB H nOJIHpHbIX 
JlbAOB, 7 — 12 TbIC. KM 3 HaXOAHTCH B aTMOC(J)epe B JtsHAe 
BOAHtibix napOB h okojio 4 mjih. km 3 — b 03epax h 
penax. 

HOA B03 A^H CTBHeM COJIHeUHOH 3HepFHH B npHpOAC 
npoHcxoAHT HenpepbiBHbiH KpyroBopOT boabi, boc- 
tioJiiiHioniRti aanaebi riiApaBJiHHecKOH SHepixm. 

HaxOA^nmHCH Ha noBepxHocxH boaocmob BOAa 3a 
cnex cojiiiemioM paAnaijHH npeBpainaexcH b nap h 
HOAHHM ae'iXB b axMOC(j)epy? rj^e nap KOHAeHcnpyexcH 
n bhobb npeBpamaexcH b BOAy 5 Koxopan noA B03Aefl- 

CTBHCM CJTJTbl XHHCeCXH B03BpaiItaeXCH Ha nOBepXHOCXb 
rseMHoro mapa. IIpH oxom npHMepHO Ase xpexH axoro 
oObCMa BbinaAaex b BHAe ocaAKOB b Mopn h OKeaHbi, 
a ojxm xperb yHocnxcH B03AyuiHbiMH noxoKaMH Ha Maxe- 
priKH. TaHHM o6pa.30M nponcxoAHx nepeMemeHne boabi 
c Oqjiee hh3khx oxMexoK ypoBHH Mopn Ha flojiee bbico- 
KHe oxMexKii sejvnron noBepxHocxn. 

Ha cyme b BHAe ocaAKOB e>KeroAHO BbinaAaex 
okojio 100 Tbjc , km 3 boabi, Koxopan nacxHHHo cxeKaex 
n p£KH u oaepa ii nacxHHHo npocauHBaexcH b 3 eMjno, 
oOpaayyi nOA^eMiibie bo am? oxnyAa B03Bpamaexcn 06 - 
paTHO B MOpH VL OKGEtHLI. TaKOH MHpOBOH KpyrOBOpOX 

HOAbi oOccneqiiBaeT na 3 cmhom mape e>KeroAHbm 
ctok peic, pamibui npi-iMepno 37 xbic. km 3 . 

Ha I’eppHxopHfi CoBexcKoro Coi03a HaxoAHxcn okojio 
300 thc, oaep ii CBbiuie 150 xbic. pen? H 3 Koxopbix 
oojTce 50 peic nee hm Kpymibie. HMeioutne AJmHbi cbbi- 
Ilie 1000 KM. 

<■ p CAHero^OB^fcS ctok ecex pen cxpaHbi paBeH 
4340 kav‘, iipii OTOJvi Sojiee 80%' npHxoflHTCK Ha peKH 
piimpn if Cesepaj Korop>re coAepmaT b ce6e BectMa 
nn aiiepropeeypcBi. rHApuanepropecypebi 1477 

naiiRnjicc 3neproHecyn\Hx pen oirpeAejieHti b 340 mjih. 

CpC^ucJ'O;lOHOli MOU1HOCTII, 

laojiee 40% iiorciiiun>i!a;ii,Hi.iv rnflpoaHepropecyp- 
t-'OH Cu^pcAOTO^UrllO B Bi'CTO'IIIOII eiiDiipii, okojio 15% 
- ii Cpemicli A mm, 14% — m % aJlhHem BocxoKe, 
-- ••unof, Chohpi., 5% —- b 3a K aB K a3Be, 


The world water reserve is estimated approximately as 
just above 1500 min km 3 . Out of this about 1370 min km 3 
of water are in seas and oceans which occupy more than 
70 per cent of the earth’s surface. About 100 min km 3 
are underground water, some 30 min km 3 fall to the 
share of alpine glaciers and polar ice, 7—12 thsnd km 3 
are in the atmosphere in the form of water vapour and 
about 4 min km 3 are in the lakes and rivers. 

Under the effect of solar energy the continuous 
water circulation restoring the reserve of hydraulic 
energy takes place in nature. 

Water on the surface of water bodies changes to 
vapour due to solar radiation and ascends to the 
atmosphere where vapour condenses and again con¬ 
verts to water which returns back to the earth surface 
by gravity. In the process, about two thirds of this 
volume precipitates on oceans and seas and one third 
is carried away by air streams to the mainland. Thus 
mixing of water from lower sea levels with that of 
higher ones takes place. 

Every year about 100 thsnd km 3 of water precipi¬ 
tates on land; a part of this water flows down to rivers 
and lakes and the other part percolates down the earth 
and forms underground water wherefrom it returns 
back to the oceans and seas. This world water circu¬ 
lation provides the annual river runoff of about 
37 thsnd km 3 . 

There are about 300 thsnd lakes and more than 
150 thsnd rivers on the territory of the USSR of which 
50 rivers are longer than 1000 km. 

The average annual runoff of all rivers in the 
USSR equals 4340 km 3 of which more than 80 per 
cent fall on the rivers of Siberia and the Northern 
part of the USSR which are noted for rather great 
power resources. Hydropower resources of 1477 most 
power potential rivers are estimated as 340 min kW 
of annual capacity. 

More than 40 per cent of hydroelectric potentials 
are concentrated in Eastern Siberia, about 15 per cent 
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4,5% — b Kasaxcrane rr 14,5% — n ocra/iLHbix pailo- 
nax crpaiibi. 

KajiHune xaitMX orpownbix rHAposHeprexHuecKHX 
pecypcon rrnn cpaBHHxejiBHO MajioM hx HcnojiL30BaHHH 
ctbbht nepeA ruApooHeprexHKaMH cxpaHbi 3aAauy no 
coopy>KenHio b caMbie KopoxKne cponn pn^a HanGojiee 
3KOHomnnHbix rn ap o 3 jieKTp ocTaHxjHH. 

B MHpOBOH OHeprexHKe ruApoajieKxpocxaHiiHH saHH- 
Maiox BectMa 3iiannxejir,Hbiii y^ejiBHbin Bee b oGiqeM 
3HeprexnnecKOM GanaHce. 

B Henoxopbix cxpaHax cxeneHB ncnojn>30BaHiiH 
rH^po3HeprexnnecKHX pecypcoB Aocxnraex 50—70%, 
a b xanon cxpaHe, kslk HIbcahh, Gojiee 95%. Hcnojit- 
30BaHHio rHApoaHepropecypcoB npn^aiox Gojitmoe 3Ha- 
neHne ne xojibko cxpaHbi, HMeioujHe acc£>haht c xon- 
jihbom, ho h cxpaHbi, pacnojiaraioinne xonjiHBOM b 
AO cxaxonHOM KOJiHnecxBe. 

TjiaBHbiM npenMymecxBOM rn^poajieKTpocxaHiiHH 
HBJinexcH xo, nxo ohh paGoxaiox Ha nocxoHHHo boso6~ 
HOBJTHeMOM IipHpOAOH HCXOHHHKe 3HeprHH H BbipaGa- 
xbiBaiOT 3JieKxpHHecKyio SHeprmo npH Gojiee bbicokoh 
npoH3BOMHxejiBHocxn xpy^a h npn HanMeHBiimx oGiqe- 
cxBeHHbix H3^epH<Kax npoH3BOAcxBa no cpaBHeHnio c 
xenjiOBbiMH h axoMHbiMH 3JieKxpocxaHiiHHMH. Tan, ceGe- 
cxohmocxb 3JieKxpo3HeprnH, BbipaGaxbiBaeMOH rHApo- 
3JieKXpOCXaHIIHHMH, B 4—5 pa3 HHH<e CeGeCXOHMOCXH 
3JieKxpo3HeprHH, nojiynaeMon ox xenjioBbix h axoMHbix 
3JieKxpocxaHqHH. 

KpOMe xoro, b cbhsh c pe3KHM pocxoM moiahocth 
sneprocHcxeM rHApoajieKxpocxaHipiHM npHHa^jie>KHx 
GojiBinan pojiB b noKpbiXHH nepeMeHHbix Harpy30K Kan 
b naebi MaKcnmajiBHbix Harpy30K, xan h b peraaMeHxn- 
poBaHHH pe>KHMOB npn cGpoce Harpy30K b Hommie 
nacbi. 

OAHano, OBeHHBaH SKOHOMnnecKyio s^^eKxnBiiocxB 
rHApo3Jiei<xpocxaHiiHH, nejiB3H 3aGbiBaxb xoro, nxo ohh 
xpeGyiox cpaBHHxejiBHO Gojibihhx e ahhobp eMeHHbix 3a- 
xpax — oahh KHJioBaxx ycxaHOBjieHHOH moiuhocxh 
oGxoahxch Ha rHApoajieKxpocxaHAHHX b cpeAHeM ox 
95 ao 400 pyG., a Ha xenjioBbix h axoMHbix 100—140 pyG., 
k xoMy >Ke npn hcckojibko MeHBiHHx eponax cxponxejiB- 
cxBa. 

Bonpoc o BbiGope xnna sjieKxpocxaHijHH, naMenae- 
MOH K cxpoHxejiBcxBy, pemaexcH ajih Ka>KAoro paiiOHa 

OCOGO C yneXOM 3K0H0MHHeCK0H S^eKXHBHOCXH n 
ocoGeHHocxen sxoro pafioHa. Banmyio pojiB npn sxom 
nrpaex h $aKxop BpeMeHH, onpeAejiaeMbm HeoGxoAH- 
mocxbk) e>KeroAHO a^bhxb xanon npHpocx 3HeproMoiij- 
Hocxen, Koxopbin onepe>Kaji Gbi poex Apyrnx oxpacjien 
HapoAHoro xo3HncxBa. 

SKOHOMnnecnaH cxopoHa A^Jia HMeex xaione Gojib- 
inoe 3HaneHne h npn MOHxance- THApoarperaxoB, xan 
nan ox AJWixejiBHocxH MOHxa>na bo MiioroM 3aBHcnx 
cpoK nycna sneierpocxaHitmi, nxo onpeAennex npOAoji- 
>KHxejiBHocxB OMepxBJieHHH MHJiAnapAHbix Kannxajio- 
BJIO>KeHHH, npOH3BeACHHblX B nepHOA CXpOHXeABCXBa, 
npeAmecxByioiAHH BBOAy ruApoarperaxos b SKcnnya- 
xaAHio. ITpn 3 xom cneAyex HMexB b BHAy xo oGcxoh- 


in the Middle Asia, 14 per cent in the Far East, 7 per 
cent in Western Siberia, 5 per cent in the Transcaucasus, 
4.5 per cent in Kazakhstan, and 14.5 per cent in other 
regions of the USSR. 

Such great hydroelectric potentials and relatively 
poor utilization raise tjie problem of construction of 
a number of most economic hydroelectric power plants 
within the shortest period of time. 

In world s power engineering, hydroelectric power 
plants play an important part in the total power balance. 

In some countries utilization of hydroelectric po¬ 
tentials amounts to 50—70 per cent and, e.g. in Sweden, 
it is more than 95 per cent. 

Utilization of hydroelectric potentials is of great 
importance not only for the countries which are short 
of fuel but also for those with sufficient fuel resources. 

The main advantage of hydroelectric power plants 
lies in the fact that they operate on the source of power 
continuously restored by nature and generate electric 
power at higher operating efficiency and lower cost 
compared with thermal and atomic power stations. 
So, cost price of electric power generated by hydro¬ 
electric power plants is 4—5 times lower, than that of 
thermal and atomic power plants. 

Again, because of a steep rise in the capacity of 
power systems hydroelectric power plants are capable 
of taking care of variable peak loads and regulating 
the conditions of load drop at night. 

However when estimating economic efficiency of 
hydroelectric power plants it should be remembered 
that they require relatively high unit costs — one kW 
of installed capacity at hydroelectric power plants 
costs 95 to 400 roubles on average and at thermal and 
atomic power stations it costs 100—140 roubles not 
to mention shorter periods of construction. 

The problem of selection of the type of a power 
plant proposed to be constructed should be settled 
separately for each region taking into account the eco¬ 
nomic efficiency and specific features of the region. 

In this case factor of time specified by the necessity 
of annual increment of power output ahead of other 
branches of national economy plays an important role. 

The economic aspect of the matter is of great 
importance for installation of hydropower units because 
the time of installation in many ways determines the 
time of commissioning of the hydroelectric powei 
plant which in its turn defines the time of freezing of 
billions of capital investments placed during construe* 
tion before commissioning. Here it should be borne 
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TejiBCXBO, nxo noAaBJiHiomee Gojibhihhcxbo coopyncae- 
jvtbix cehuac b Hamefi cxpaHe h npoeKxnpyeMbix Ha 
Gun> kuh nine toabi rHAposjieKxpocxaHAHH oGopynyexcH 
Goabiuhm KOJiHuecxBOM arperaxoB, yHHKajiBHbix KaK 
no MomHOCTH, xan h no npyrHM napaMexpaM. Bnojme 
ecxecxBeHHO, nxo b sxhx ycjiOBHHx aaAaua coKpamemm 
cpoKOB MOHxa>Ka h yAemeBJieHHH MOHxa>KHbix paGox 
TipHoGpexaex ocoGo Ba>KHoe 3HaneHne. 

B xeneHne hcckojibkhx nocjieAHnx jiex oxpaGaxbiBa- 
juicB h HenpepbiBHo cob epmeHcxB ob a jihcb HOBbie, Han- 
GoAee nporpeccHBHbie mcxoabi MOHxanca, ero opraHH- 
iOAHOiiHbie (JiopMbi h xexHOJiorHH. Ha KpynHbix MHOro- 
arperaxHbLx mAp03JienxpocTaHAHnx uinpoKO npHMe- 
HCiro coBMeineHHe MOHxa>KHbix paGox co cxponxejiB- 
Ebim, BHeApCH KpynnoGjiouHbiii Aionxa>K, nxoco3AaJio 
GAaronpiiATHTae npeAnocbuiKH rjik npoH3BOACXBa moh- 
xa>Kiu^rx paGox oAHOBpeMeHHo no He ckoabkhm arpe- 
rar im . 

BaeApernre HOBbix mcxoaob MOHxan<a cnocoGcxBo- 
naJiq coKpaiqeHHio oGinefi npoAOJi>KHxejiBHocxH coopy- 
memm Henoxopbix KpynHenniHX ruApocTaHijHH, cAaH- 
im% b oiccnjiyaxaitHK) b xeneHne nocjieAHnx 15 jiex. 

OjinoupeMeiiHO c sxhm AoexnrHyxa HeGbiBajio Bbico- 
ica n nmeneamiocxu MOHxa>KHbix paGox, npn noxopbix 
mmWM bboaom B 3Kcnjiyaxaqnio yHHKanbHbix 

fimpourperaxoB npaKXHnecKH chh3hjich Ha MHoroarpe- 
T3C ao 30 Anen b cpeAHeM no arperaxaM, 
©BOA0MBXM 3a oahh roA- B oxAejibHbix cjiynanx npn 
Gojh>iiiom aaAejie paGox sxox HHxepBaji Aocxnraji HeGbi- 

UaAO MaJIBIX BeJIHHHH. 

THApoarperaxoB H3 nycxapHoro npoH3BOA- 
enm ripen pa men b npynHoe HHAycxpnajibHoe npoH 3 - 
noACXBo c coBpmeiTHOH Texuo jiorneH. 

Hem;iOBa>KHoe 3HaneHHe b skohomhkc sHeproxo- 
omicrua HMeex peHxaGeji&nocxb ancnjiyaxaitHH raApo- 
OKSpi-emtiecKoro oGopyAOBaHHH, bo MHoroM 3aBHCH- 
\u,m m umecFBQ nocxaBJineMoro 3aBOAaMH oGopyAo- 
naHEni, h BbTnojiHeHHbix MOHxa>KHbix paGox. 

,Ha>Kc k paTKonpe,Meniibie ocxaHOBKH rHApoarpera- 
TOH, BbI3BaiIHbie HX HeHCnpaBHOCXBIO, HaHOCHT BeebMa 
3HamrraiibHbiTi yn^epG 3Heproxo3HHcxBy. 

C-epL-earibiii jTqepG HaHocHxcH noAnac h nenpaBHjib- 
uoii uauciAKofi oGopyAOJ^mm, norAa rnApoarperaxbi 
paSotamT e HCAonycxiTMO GojibmHMH noxepHMH. 


in mind that the great majority of hydroelectric power 
plants constructed in the USSR at present or proposed 
to be constructed in the near future are equipped 
with a great number of units unique in capacity and 
in other characteristics. Naturally, under these condi¬ 
tions the problem of shortening the time of installation 
takes particular importance. 

In recent years the new, more progressive, methods 
of installation, its organizational forms and technology 
have been developed and mastered. At large multi¬ 
unit hydroelectric power plants combination of con¬ 
struction and installation operations and large-size 
pre-assemblies have found wide use. All this creates 
favourable pre-requisites for simultaneous installation 
of several units. 

Introduction of new methods of installation has 
contributed to shortening of the total time of construc¬ 
tion of certain large hydroelectric power plants com¬ 
missioned during the last 15 years. 

Alongside with that, the unprecedented rate of 
installation has been achieved at which the interval 
between commissioning of unique hydropower units 
falls down to 30 days on average with reference to 
the units put into service within a year. In some cases 
this interval appears extremely small if sufficient pre¬ 
paratory work is done for the purpose. 

Installation of hydropower units has been changed 
from amateurish work to the industrial procedure with 
modern technology. 

Profitability of operation of hydropower equip¬ 
ment governed mainly by the quality of the equipment 
supplied by plant-manufacturers is of great importance. 

Even short-time outages of faulty hydropower units 
greatly curtail power supply. 

The power system is often impaired by inaccurate 
adjustments of equipment resulting in the operation 
of units with inadmissible losses. 





























m *n»,«a K;iacciicJ,HKa U H« 6y ?; ex eyryGo ycnoBHoll h, 
koiichho, c TeqeHHeM BpeMeHH noABeprHexcH H 3 Me- 

HeiiMHi. 

Ho ycTaHOBjieHHOH MomHocra rHApoBJieKTpocxaH- 
i^hh noflpa3flejiHioTCH Ha nexBipe KaxeropHH; 1 — moia- 

hoctbk) Sojiee 1000000 kBt; 2 — mohihocxbio 301000_ 

1000000 kBt; 3 — mohihocxbio 51 000—300 000 kBt; 
4 — moiahoctbio 50000 kBt h MeHee. 

Ho sejimmue Hanopa T3C moikho pa3ACJiHXB Ha 
HH3KOHanopHBie (Hanop flo 35 m), cpeAHeHanopHBie 
(Hanop ot 35 ao 80 m) h BBicoKOHanopHBie (Hanop 
Oojiee 80 m). no cnocoOy co3A3hhh Hanopa T3C mohhio 
PasflejiHTB Ha pycjioBBie, npmuioiHHHBie h Aepiraa- 
AHOHHBie, 

B pycjiOBofi T3C Hanop o6pa3yeTCH 3 cmjihhoh 5 
OexoHHOH hjih CMemaHHOH njioxHHOH, oObihho pacno- 
JiojKeHHOH nepneHAHKyjiapHO k nanpaBJieHHio xenemm 
boabi b HH> KH eM Sbe^e (HB). Hoaboa boabi k thapo- 
arperaxaM b stom xrnie rHApoajieKxpocxaHiiHH npoH3- 
boahxch HenocpeAcxBeHHO H3 aBaHKajwepbi, npnMBi- 


that the given classification is just arbitrary and is 
sure to change in the course of time. 

As for the installed capacity hydroelectric power 
plants are divided into the following four categories: 
1 1,000,000 kW; 2 — 301,000 kW—1,000,000 kW; 

3 — 51,000—300,000 kW; 4 — 50,000 kW and lower 
still. 

According to the head, hydroelectric power plants 
are classified as low-hegd (up to 35 m), medium- 

head (from 35 to 80 m), and high-head (over 80 m) 
plants. 

According to the method of creation of the head 
hydroelectric power plants may be divided into river 
channel, reservoir and diversion plants. 

In river channel hydroelectric power plants the 
head is built up by an earth, concrete or combined dam 
located usually normal to the flowing stream in the 
down-stream reach. In this type of hydroelectric power 



Phc. 2. OSiuhh bha KpynHoft pycjioBoii T3C 
Fig. 2. General view of large river channel hydroelectric power plant 
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Phc. 3. Cxezwa pycjioBoii T3C: 

1 — 3flaHHe T3C; 2 — 3eMjiHHan nnoTHHa; 3 — ocxpOB; 4 — SeTOHHaH BOflo- 
cnHBHaH njiOTHHa; 5 — flByxHHTo^HbiH TpexKaMepHbiH ihjiio3; 6 — flop ora 

Fig. 3. Layout of river channel hydroelectric power plant: 

1 — powerhouse; 2 — earth-fill dam; 3 — island; 4 — concrete spillway dam; 
5 — double-lane triple-lift lock; 6 — roadway 


Katomeft k 3 AaHHio T3C, a caMO 3AaHne oGbihho hbjih- 
ctch npo^ojiHceHneivt njioTHHbi (pnc. 2 h 3). Tanne 
F3C coopy>KaK)TCH jih6o b pycjie penn nyTeM nocrpoHKH 
nepcMhraeK b HeM n noouepeAHoro b 03 b e achhh 6ctoh- 
Hkix coony>KeHHH ? jih6o b KaHane, npojio>KeHHOM b 
pdxon pycjia. F3C 3Toro rana MoryT HMexb bbicokhh 

HJIH MaiHHHHblK 3aJI HJIH BOBCe erO He HMeTt. 

E nocjiejiHee BpeMH ican b Cobctckom CoK)3e, tbk 
li 3 a pyGesKOM uinpoKoe npHMeHeHHe HanuiH pycjioBBie 
ctamtHH coBMemeHHoro rana, 3 AHHhh KOTOpbix ncnojiB- 
ayroTGH ^no couMe otitt e ji k cTBy c c ajih cflpoca naBOAKO- 
Bbix uoa- CGpoc ocymecTBJiHeTCH jihGo uepe3 cneijH- 
ajiiuibic oruepcrmi b MaccHBe 3 ji,aHHH ? jih6o cSony hjih 
enepxy AianmiiHoro 3ajia (pnc. 4). IIpeHMyiijecTBa F3C 
eoBMeiyemioro Tima ocoGctiho 3HauHTejibHbi b nepnoA 
HUpSKol-j Jtejio b tom ; hto Gojibiime pacxoAbi b pene 
bo BpeMjr nauoAKOB aameTHo noBbimaioT ypoBeHB boabi 
B HTI5KLI6M fHJ]rpo3JieKTpOCTaHItHH, yMeHbHiaH 

tipTi a ioAi iianop na F3C h HaMHoro CHHJKan TeM caMbiM 
ee (mioraa donee neM Ha 25% ot HOMHHaJib- 

iioti), Rajiimire >Ke na coBMenieHHbix T3C BOAoedpo- 


Um iojibay kuhhx ojiceKTH pyromee AencTBHe noTOKa 
vtiioidTonnoH cGpaaaBaeMOH nepe3 rHjtpoajieK- 

1 PPciam^no, cuocobCTBycr ynem&wmiiQ AeiiCTByioiijero 
iiu no pa, a cj aTemmo ; h noBbmieHHio anepreTH- 
Ocl^eKTIIBHOcm T3C. 




hawepbi hmciot cne^najibHbiH nojjBOA B03Ayxa k cnn 
: f|OM 'OjVTepe bo iraoen^amie b Heii Banyyivia np: 
' c " d 111 iom aaKpHTiin tv p 6hhiio ro 3aTBOpa. 

Typ^juiabie aaTEopbi jio nocjieAHero BpeMeHH h 

TiiKtiv rvap 

- ■ y ana b jiHB ajiHCb Ha i<a>KAbiH boaoboa : 


plants water is delivered to the units directly from the 
forebay adjacent to the power-house which is usually 
an extension of the dam (Figs 2 and 3). These types 
of hydroelectric power plants are built either by con¬ 
struction of cofferdams in the channel of the river 
and alternate erection of concrete structures or in 
the canal excavated round the channel. Hydroelectric 
power plants of this type may accommodate either a 
high or a low turbine hall or may dispence with it. 

River channel hydroelectric power plants with the 
powerhouse integrated with the spillway have recently 
found wide use in the USSR and abroad. Water is 
discharged through special outlets in the powerhouse 
either from one side or from the top of the power¬ 
house (Fig. 5). Advantages of a hydroelectric power 
plant integrated with the spillway are especially pro¬ 
nounced during floods. The point is that large dischar¬ 
ges in the river during floods raise up the down-stream 
water level markedly lowering the head and reducing 
the capacity (sometimes by more^than 25 per cent 
of the rated value). Using the ejecting effect of the 
flow of excess water discharged through the power 
plant outlets makes for the increase of the operating 
head and, consequently, for raising the plant efficiency. 

The low-head river channel hydroelectric power 
plants are provided with a system of air supply to the 
scroll case from the side of the forebay to prevent 
vacuum within it in the event of a sudden closing of a 
turbine gate. 
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4 ' n ° nepeiIHblii Paapea no arpe- 
jioBoa’rac 16 ™ 00 BoflocJIHBHOft pyc- 


nf 8 'th» Cross ' sei r tion through the unit 
pianwithT chann ? 1 hydroelectric 

s “ir n “ er * ,ed 


HMejiH T3K HaabiBaeAiyio SbiCTpofleHCTByiomyio cxeMv 
rrnm 1 ™* 1 ’ K ° TOpaH n P e AHa3HaBajiacb nnx 3aiimTBi 

flpoarperaTa ot paspymemiH np H pasroHe OztHaKo 

?Z7ZZ“T” oro Bpe "“ H 3mpbr ™ 

12Ton 3KCnJiyaTa ^ H ^Kaaana Mamm ZpoJ^. 

aaPBopL, So 

mero annanaTa C P e3e P Ba 3ai<pBiTHH HanpaBJimo- 
- ^ J n peKpanjaioiijero nocTynjieHne bojtp,t 

«Hor„. bbootob aonoa- 
“ HBie yCTpOHCTBa B C3MOH xyp6 H He 

Ha HH3KOHano P HBix rec 3 a nocne/urne romx xaioBe 

HBi?H P CnT t HeK0T ° PWM ™HeHHHM KOHCTpyKTHB - 

SEP-=»“ p == 

KO 

r3C y Ha P H HBai °^ ee yCTpoftcTBo bbihocht ot 3A aHM 

Zl2~ p ° e pac ~ e B - POBy ~ 

° T B ° AOBOflOB “PW—- 
^HX ycxpoHCTB noaBomrex HMexs Ha i<a>K fl 0M arperaxe 

P hbih Hanop, cooTBexcTByromM pasHocxH yposHeft 

3 ~ ? HH5KHer ° 6te * 0B > ™* -K 3 acopeHHe HPH 

m KaKOH-jin6o pemexKH He co3 A aex nepena^a Hanopa 


Until recently turbine gates have been installed in 
each penstock equipped with the so-called quick- 

atta breajcd deS, ' 8 " ed ““ Pr ° ,K,i °” ° f «“ »“« 
agamst breakdown at runaway. However, the aim has 

(3^7 e 2 Tr d b6CaUSe ° f 3 l0ng time of losing 

u T C - Besides ’ tke experience has evidenced 
ma probability of their use. At present, multi-unit 
nver cha„ Ml iydroeIcctric power ^ ^ ^ "g 

fnla” of ,h ^ S,a “° Mry d ™ “» 

abt slil B “ ° f reP "' 8a,es with * nov- 

timJ T* 7 charasm kayo found application. Sotne- 
a s ,de from the main mectanism a 

tn T '! t '° ae tUrWM '° stop «” “fl™ °f water 
to he turbme by dosing the wieket gate. 

n recent years modifications have been brought 

m low-head hydroelectric power plants as to the desfgn 

and the make of trash racks. In some cases mul«” 

nvd channe, hydroe.ec,tic power p,a„ te J 

where the rtver contams much debris and sweep wood 

zz L ,rash rack “ *• ro-ri 

some distance upstream. 

sJf V rel0Cati ° n ° f the trash rack the pen¬ 

stocks makes it possible to ensure an equal pressure 

a each unit which corresponds to the difference bet- 

Z2TT and downstream levels as * ** « 

difS i Tl traSh raCk WiI1 ” 0t Cause a Prepare 
differential at the turbine inlet due to a discharging 
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Pnc. 5. nonepe^HMii pa 3 pe 3 
no arperaTy npnnjioTHHHOH 
rn^poajieKTpocTaHiiHH (Kpac- 
HOHpcnaH T3C) 

Fig. 5. Cross-section through 
the unit of the reservoir hydro¬ 
electric plant (Krasnoyarskaya 
hydroelectric plant) 


nepe/j TypSHHpM BBH^y HMeioixterocH 3anaca nponycK- 
noii cnoco6HocxH pemeTOK. KpoMe Toro, 3 to npe^oT- 
Bpaij^aeT ocTaHOBKy arperaTOB ^jih uhctkh nepe^ hhmh 
pemctnK. 

f Ip^iuioTinuiBie T3C xapaKTepHbi TeM, *ito Bo,aa 
k nx (arperaTaM) no^Bo^HTCH >Kejie3o6eTOH- 

HbiMHj Mcra ju im i tccKHMir hjih ^epeBHHHtiMH TpySonpo- 
Wgami ucSojibinoM npoTHJKeHHOCTH. Hanop b 3tom 
a\ymt co^xtaexcH njioTHHon, coopyn^eHHon Ha hckoto- 
poju paccxoiBHii ot 3^anHH CTamtHH (pnc. 5). Ycra- 
msBivH oToro xnna name Bcero 6biBaioT cpe^HeHanop- 
tiuMM, uo mior^a h BbicoKOHanopnbiMH. Tan, rnApo- 
cTuiimm DoyAJiep (CIIIA) HMeeT Hanop 180 m. 

IJ AcpHBaxtHOHHbix F3C Hanop o6pa3yeTCH nyTeM 
o-moAa jiOAbi HAUJib Oepera penn KaHanoM (ero Ha3bi» 
H&LpT AtpitBamiOmiLIM), yKJIOH KOTOpOrO MeHLUie yKJIO- 

na pcKn na 3 tom vnacTKe (pnc. 6). njioTHHy y T3C 
.'Toro Tuna aiopymmor b Hanane AepuBaimoHHoro 
icanruia. llJitvmny n Apyrac coopyn<eHHH, pacnoJio>KeH- 
ubic a mura;ie otboaii boahi, Ha3biBaiOT ronoBHbiM 
v< jun, Cyme^ScBOHHO0 POJIH b co3AaHnn Hanopa njio- 
u ' u 1 ^^ROHHoii F3C He HrpaeT — ee Ha 3 HaneHHe 
u<1,,| i |Kli K OTT1 °Ay FOAbi b AepHBaitnoHHbin KaHaji, 
1 '' s 11 ,u 1 n C03fla<ar nanop. B KOHite AepHBaitnn OepeT 
Haqa ^° nanopubnl TpyOonpoBOA, KOTopbm hoa- 
j'-viy K arperaraM. J^epuBaitHOHHbiH KaHan 
■ :i OtKpblTblM HJTH SaKpblTblM. Bee OTKpbITbie 
U puLaiusniniLie Kvuiajmi 6bmaior 6e3HanopHbiMH, a 

I i s uit. vtoi v i Bt<jiro T iuTii b ce6n h HanopHbie ynacxKH 
u iiltAC TnUHCAeti mm TpyRonpiOBOAOB, 


capacity reserve of the trash racks. Moreover, this 
layout enables the trash rack to be cleaned without 
stopping the unit. 

Reservoir hydroelectric power plants are charac¬ 
terized in that water is delivered to the powerhouse 
(units) through short reinforced concrete, steel or 
wooden penstocks. In this case, the head is created 
by the dam constructed some distance from the power¬ 
house (Fig. 5). Usually these plants are medium-head 
but sometimes high-head. For instance, the head of 
the US Boudler dam is 180 m. 

At diversion hydroelectric power plants, the head 
is created by diversion of water along the bank of the 
river through a diversion canal, the gradient of which 
is less than that of the river at this stretch (Fig. 6). 
The dam of this type of the plant is constructed at the 
beginning of the diversion canal. The dam and appur¬ 
tenant structures located at the beginning of water 
diversion are called the head works. The dam of the 
diversion hydroelectric power plant does not play an 
important part in the creation of the head; its purpose 
is to divert water to the diversion canal which affords 
the head. The penstock supplying water to the turbines 
originates at the end of diversion. The diversion canal 
may be open or closed. All the open diversion canals 
are pressureless but closed canals may also include 
pressure sections in the form of tunnels or pipelines. 
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Phc. 6. flepHBaqaoHHaH T3C: 


* — npoil,HJtt; 6 ~ oSmafi BHfl crannHOHiroro y 3 jia 
nooBon - 7™’ fl ?P™ aaH0HHt M kuhuji; J — Hanopubifi ip y 6o- 

H- Han™ AW ° H c 6 P° c ; 5 ~ 3 fla HH e T3C; tf - pe K a 
n Hanop ’ ^H — noxepH Hanopa 


Fig. 6. Diversion hydroelectric power plant: 
a longitudinal profile; 6 -—general view 

5-powe : rho^e;T-°river nal: 3 ~ penstock ^ waste water outlet; 
H head; All -- head losses 






Phc. 7. CxeMa CMemaHHOH njioTHHHo-AepHBanHOHHOH T3C: 

1 — njioTHHa; 2 — Steel) iuiothhbi; 3 —~ flepHBapHOHHtin KaHaji 

planU ^ ayout corQ bined reservoir-diversion hydroelectric power 

1 dam; 2 — forebay; 3 — diversion canal 


3/jaHHH AepHBaitHOHHBix T3C MoryT Sbitl KaK 
OTKpBiTOro, TaK H 3aKptiToro rana; HHoiyja hx pacno- 
JiaraiOT no a noBepxHocTLio 3 cmjih. 

B cMeinaHHLix njioTHHHo-AcpHBaijHOHHbix T3C (pnc. 
7) Hanop o6pa3yeTCH qacTHHHo iijiothhoh, a qacTHHHo 
A e pHBamieH. Tanne T3C coopy^KaioT, ecjin na^erne 
peKH b BepxHen hucth ncnojit3yeMoro yqacTKa HeBe- 
jihko, a b HH>KHen — 3HaqnTejiLH0. B 3 tom cjiyqae 
AejiecoodpasHo OTKasaTtcn ot MepuBaipin H a BepxHeM 
yqacTKe, 3aMeHHB ee noAnopoM, C03AaBaeMbiM njioTH- 
hoh. 3to nopoH yMeHBinaeT 3aTpaTbi, a KpoMe Toro, 
yjiyqmaeT ycjioBHH 3KcnjiyaTaitHH BcjieACTBHe yBejin- 
qeHHH eMKOCTH BO AOXpaHHJIHUta, hto SjiaronpHHTHo 
bjihhct Ha pe>KHM paSoTn T3C. 


Powerhouses of diversion hydroelectric power plants 
may be of an open or enclosed type; sometimes a power¬ 
house is located underground. 

For combined reservoir-diversion hydroelectric po¬ 
wer plants (Fig. 7) the head is created partly by the 
dam and partly by diversion. These plants are construc¬ 
ted when the fall of the stream in the upstream section 
of the working stretch is small and the fall of the stream 
in the downstream section is high. In this case it m 
expedient to reject the diversion in the upstream reach 
and change for the dam. This will reduce the cost and 
improve operating conditions because of an increase 
in the reservoir capacity. 
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!„3. HEKOTOPME COEIJIlAJIbHIJE 
TlinW rilAP03JIEKTP0CTAllipiH 

K rnicjTy cneitnajibHbix rHApoaneKTpocTampm mo>kho 
oinecTH riiAP° 3JieKT P 0CTaHI ^ IiH c noA3eMHbiMH mhiiihh- 
hlimh najraMH, rHApoaKKyMyjinpyioiAHe (TA3C) h npn- 
AUBHiae (TE3C). 

B T3C c noAseMHBiM MaiiiHHHbm 3ajioM Bo^a iioa- 
boahtch k rnApoarperaxaM HanopHbiM TOHHejieM hjih 
r i• py0onpoco aom, a otboahtch ot FHApoarperaTOB 6e3- 
imnopHMM otboahiahm TOHHejieM hjih KaHajioM. Ma- 
niHHiibTH 3aJi c THApoarperaTaMH pacnojio>KeH noA 
iieMJicH, a noBbiCHTejibnan noACTaHijHH — name Bcero 

naA uonepxHOCTtio 3eMJiH (ajih coKpameiiHH obbeiwa 

paSrvrj. HanopHbin TOHHejib hjih TpydonpoBOA mokct 

OblTB KEK HaKJIOHHbIM, TaK H BepTHKaJIbHbIM (pHC. 8). 

B nocjiejmeM cjiynae yMeHtmaeTCH ero Amma, chh- 
>KiUOTCn iiorepH Ha TpeHHe h ocjiaGjineTCH 3<J)(j)eKT tha- 
paBJTiiuea^oro yAapa b HeM. CymecTBytoT noA3eMHbie 


L3. SPECIAL TYPES 
OF HYDROELECTRIC POWER PLANTS 

These types include power plants with underground 
machine halls, pumped storage plants and tidal power 
plants. 

Water to the units of a hydroelectric power plant 
with an underground machine hall is supplied through 
a tunnel or a penstock and discharged from the units 
through a pressureless tunnel or a canal. The machine 
hall with hydropower units is located underground 
and the step-up substation is most commonly located 
above the ground level (to reduce the amount of work). 
The pressure tunnel or the penstock may be either 
inclined or vertical (Fig. 8). In the latter case its length 
and friction losses are decreased and the effect of a 
hydraulic hammer is weakened. At some underground 
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Phc. 8. IIoA3eMHaH rHAposjieKxpo- 
CTaHAHH c OTBOAHmen AepHRauHeH: 

1 —nanopHtiH noflBOflHiUHH TOHHejib; 2 — 
cboa 3 — MOHTajKHan uiaxTa; 4 — bchth- 
jiHijHOHHaa iuaxTa; 5 — MauiHHHbiH 3an; 

6 — TypSHHa; 7 — OTcacbisaiomaH Tpy6a; 

5- 6e3HanopHbIH TOHHCJIb; 

9 — noBbiCHTejibHan noflCTaHiiHH; 10 — non- 
HbiH pacxo^ npn BbicoKOM ropH30HTe HE; 
11 - TO >I<e } npH HH3KOM T0pH30HTe HE 

Fig. 8. Underground hydroelectric po¬ 
wer plant with tailrace water con¬ 
veying structures: 

1 — supply pressure tunnel; 2 — vault; 5 — 
assembly shaft; 4 — ventilation shaft; 5 — 
turbine hall; 6 — turbine; 7—-draft tube; 
8 — discharge pressureless tunnel; P — step-up 
substation; 10 —- full discharge at high down¬ 
stream water level; 11 —full discharge at low 
downstream water level; HE — downstream 


Phc. 9. IIoAaeMHaH T3C c noABOflameii h otboahiach 
AepHBauHeH: 

1 — noflBoflamHH TOHHejib; 2 — toph3oht; 3 — ypaBHHTejibHBiS 
pe3epByap; 
ijhh ; 6 ~ 


TOHHejib; 

■ HanopHbin TOHHejib; 
- MaiUHHHblH 3aJI 


5 — noBbicHTejibHaH noACTaH- 


Fig. 9. Underground hydroelectric power plant with 
headrace and tailrace water conveying structures: 

1 — supply tunnel; 2 — water level; 3 — surge tank; 4 — pressure 
tunnel; J — step-up substation; 6 — turbine hall 
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F3C, b KOTopbix Hanop co3Aaexcn 3a cueT noABOAa 
boabi k rHApoarperaTaM BHauajie ropH30HxajibHbiM, a 
3aTeM BepTHKaJILHbIM TOHHeJIHMH (pHC. 9). 

06opyAOBaHHe noA3eMHbix F3C noAaiox k MecTy 
MOHTa^ca hjih uepe3 maxxy, CAejiairayK) HaA MauiHHHbiM 
3aJI0M, HJIH Hepe3 XpailCnOpTHblH XOHHeJIB, npodHXbiH 
cOoRy. F3C c noA3eMHbiM ManiHHHbiM 3ajioM oOlihho 
pacnojiaraiOT b npouHOH h KpenKOH CKajie, uxo no3Bo- 
jinex o6xoahtlch 6e3 CKOJiLKO-im6yAi> 3HauHxejn>Hbix 
oSjiHAOBOHHbix pa6ox. Heco6jiK)AeHHe 3Toro ycjioBHH 
AejiaeT coopy>i<eHHe noA3eMHbix T3C oneHb AoporHM 
h HeacJjcJjeKTHBHbiM npeAnpHHTneM. 

rHApoaKKyMyjiHpyioiAHe 3 JieRxpocxaHUHH (rA3C) 
npeAHa3HaneHbi jijm chhxhh iihrobbix Harpy30K b 
3 HeprocHcxeMe. FA3C iiojihocxlk) hjih nacxHUHO 060 - 
pyAyioxcH peBepcHBHbiMH rHApoarperaxaMH. 3xh th- 
Apoarperaxbi CKOHcxpynpoBaHbi xan, hxo npn BpameHiin 
b oahom HanpaBJieHHH ohh Bbipa 6 axbiBaiox ojieRxpo- 
3Heprnio, noxpe 6 jmn bo Ay H3 BOAoxpaHHjmiqa, a npn 
BpameHHH b oSpaxHOM HanpaBJieHHH noxpe 6 jimox 3jiei<- 
xposHeprHK) H3 cHCxeMbij HaKanHBan BOAy b BOAOxpa- 
HHJiHme. B nepBOM cjiyuae rHApaBJinnecKan MaiiiHHa 
paSoxaex b nauecxBe ABHraxejin, a sjieKxpHHecKan — b 
KanecxBe reHepaxopa; bo BxopoM cjiynae rHApaBJin- 
necKan MauiHHa Hcnojib3yexcn b KanecxBe Hacoca; a 
3 JieKTpHHecKaH — b KanecxBe ABHraxejin. FtpHMeHe- 
Hne peBepcHBHbix (odpaxHMbix) rHApoarperaxoB no3- 
BOJinex coKpaxHXb 3 axpaxbi Ha coopymeHHH TA3C 6ea 
yxyAineHHH OKcnjiyaxaAHOHHbix cbohcxb arperaxofi. 

HarHexaHHe boabi npoH3BOAHXCH b nepHOA Majioro 
noxpeSjieHHH 3JieRxpo3HeprHH, KorAa rjih. 3xhx neJien 
MO>KHO BbirOAHO HCn0JIb30BaXb HMCIOIAHHCH B CHCXCMe 
H30BIXOK 3JieKXp03HeprHH. B nacbl >Ke MaRCHMaJIbHOH 
Harpy3KH cncxeMBi xanne arperaxbi HcnojiLsyioxcn rjix 
Bbipa6oxKH 3JieKxpo3HeprHH, cpaSaxbiBan BOAy? paHee 
HaKanamiyio b BOAOXpaHHJiHine. 

OcoOan KOHCTpyKAHH rHApoxypOHH, npeAHa3HaueH- 
Hbix rtlx ycxaHOBKH Ha xaKHx TA3C, oSecnenHBaeT 
BbicoKHH k . n. a * npn pa6oxe hx b KanecxBe nan xypSnH, 
xaK h HacocoB. JJjih cpeAHHX HanopoB #, paBHbix 
35 — 80 m, cxajiH uinpoKo npHMeHHXbcn arperaxbi c 
AHaroHajibHBiMH xypOnHaMH, noxopbie HMeiox xopoume 
3KCiuiyaxaAH0HHbie xapaKTepHcxHKH npn 3HauHxejibHbix 
KOJieOaHHHx Hanopa (ao 50%). 

TA3C 3a nocjieAHHe toabi HaxoAnx ce6e BecbMa 
HinpoKoe npHMeHeHHe b OFF, Abcxphh, CIIIA, flxio- 
hhh h Apyrnx sapy6e>KHbix cxpaHax, b xom HHCJie h b 
coAHaJiHcxHnecKHx cxpaHax. Ho a 3 hhbim HHCxnxyxa 
, 3 rHAponpoeKx fC , b Hacxoninee BpeMH b MHpe hhcjio 
TA 3C, 3KcnjiyaxHpyeMbix h 3aKariHHBaiom,HXCH cxpon- 
xejibcxBOM, cocxaBJinex 6ojiee 150, c o6men MOiAHOCXbio 
Sojiee 15 mjih. kBx. Tojibko b CHIA b 1970 r moiahocxb 
FA 3C cocxaBHJia okojio 6 mjih. kBx. 

Flo BeJiHHHHe Hanopa FA3C, xaione kslk h oSbiHHbie 
T3C, mo>kho pa3AeJiHXb Ha HH 3 KOHanopHbie (c Hano- 
poM ao 35 m), cpeAHeHanopHbie (c HanopoM ox 35 ao 
80 m) h BbicoKOHanopHbie (hm&oiahc Hanop Oojiee 
80 m). K HHCjiy BbicoKOHanopHbix ycxaHOBOK mohcho 


hydroelectric power plants water is supplied to the 
units first through horizontal and then through ver¬ 
tical tunnels (Fig. 9). 

The equipment of underground hydroelectric power 
plants is delivered to the installation site either through 
a shaft constructed above the machine hall or through 
a transport tunnel cut at one side. Hydroelectric power 
plants with underground machine halls are usually 
located in hard and solid rock which makes it possible 
to minimize the lining. If this is not the case, such 
hydroelectric power plants appear very expensive and 
inefficient. 

Pumped storage plants are designed for shearing 
peak loads in the power system. Pumped storage 
plants are equipped completely or partially with rever¬ 
sible units. While the turbine rotates in one direction, 
power is generated and water consumed from the 
reservoir; as soon as the rotation is reversed the unit 
consumes power from the power system and pumps 
water to the reservoir. In this former case, the' hydraulic 
unit operates as a motor and the electric unit runs as 
a generator; in the latter case, the hydraulic unit 
operates as a pump and the electric unit runs as a 
motor. The use of reversible hydropower units makes 
it possible to cut down the cost of construction of 
pumped storage plants without impairing the perfor¬ 
mance of the units. 

Water is pumped during low consumption of power 
when it is wise to use available excess power. At peak 
loads the units are used for power generation discharging 
water pumped to the reservoir before. 

The hydraulic turbine designed for pumped storage 
plants affords high efficiency when operating both as 
a turbine and as a pump. For medium heads of 35 1 
to 80 m hydraulic turbines of a diagonal-flow type 
find wide application. These turbines possess adequate 
performances at considerable variation of the head 
(up to 50 per cent). 

In recent years pumped storage plants have found I 
wide use in the German Federal Republic, Austria, 
the United States, Japan and in other capitalist and 
socialist countries. According to the data presented 
by “Hydroproject” Institute there are more than 150 
pumped storage plants now in the world, already 
working and almost ready for commissioning, with 
the total capacity of more than 15 min kW. In the 
United States alone the capacity of pumped storage 
plants was about 6 min kW in 1970. 

Like conventional hydroelectric power plants, the ; 
pumped storage plants may be classified as low-head 
(up to 35 m), medium-head (35—80 m) and high- j 


otiiccth TA3C , 5 TepMoprno cc (IIlBeHnapHH) c Hano¬ 
poM #=914 m h TA3C „PeHCceK“ (Abcxphh), HMeio- 
myio Hanop #=1173 m. 

B CoBexcKOM Coi03e expOHxejibexBo TA3C xojibko 
hTO Hauajio nojiynaxb CBoe pa3BHxne. B HacTonmee 
RpeMH nymena h naxonuxen b SKcnjiyaxaijHH cpaBHH- 
TeJibHO HeOoJiBiuaH TA3C Ha KydaHb-KajiynccKOM nac- 
KaA e n KneBCRaH TA3C moiahocxbio 200 xbic. kBx. 

HHCxnxyxoM ,,rHAponpoeKx“ odcjienoBaHO h bbi- 
6paHO SoJibuioe hhcjio cxbopob ajih cxpoHxejibcxBa 
■■tKonoMHnecKH nejiecoo6pa3Hbix TA3C c HeSojibiHHMH 

V ACJir-HBIMH KaiIHXaJIOBJIO>I<eHHHMH. 

IIpHJiHBHBie rHApoojieKxpocxaHAHH (IT3JIC) cjiy- 
?KaX A^tf HCnOJIb30BaHHH 3HeprHH MOpCKHX npHJIHBOB 
h otjthbob. CncxeMa hjioxhh h asmO co3Aaex yCJIOBHH 
Am aKKyMyJiHposaHHH boahoh siiepran MopcKHx npn- 
jihbob h oTAann ee 3axeM rHApoarperaxaM. MopcKHe 

npHJUlHbl H OXJIHBBI BBI3BIBaiOXCH CHJiaMH npHXH>KeHHH 

JlyiiBT h CojiHAa h nponcxo ahx A Ba >KABi b na>KABie 
24 T i 50 mhh. HanSojibrnaH BBicoxa npHJIHBOB HaSjno- 
Aaercn bo BpeMH hob 0 Jiy hhh, KorAa JlyHa h CojiHne 
HtixoA^^^ no OAHy cxopOHy ox 3cmjih, h anMenbinan — 
bo BpfeWft noJiHOJiyHHH, KorAa JlyHa h CojiHne Haxo- 
AU tch no pa^Hbie cxopoHBi ox 3cmjih. Pa3HHna b bbicotc 
ypound* BOABT bo BpeMH npHJIHBOB h oxjihbob Obmaex 
muiGoJibmefi b y3KHx 3aJiHBax, rAe OHa Aocxnraex 21 m. 
B OTKpbrxbix oKeaHax sxa pa3HHna He npeBbimaex 1 m. 
li HedoAbiHHx o6oco6jieHHbix ox oneaHa Mopnx npHJiHBbi 
if OTJIHBbl HSaaMenibl. 

riiujjiiiHHbie rHApoajieKxpocxaHAHH nojiynnjin ihh- 
pmwe pacnpocTnaneimc bo OpaHAHH. Ohh oSopyoyioxcH 
tom upHMOTO hi ini mh KancyjibHbiMH rHApoarperaxaMH 
neQojlbiimx MOiAiiocrefi, o Koxopbix 6yAcx CKa3aHO 
im>Ke. IlepBafi epaBHHTeJibHo Rpyrinan npHJiHBHan F3C, 
BO C’paimiin, HMeeT npoeRXHyio moiahocxb 
240 tbic. kBt. Ona oSopyAOBana 24 RancyjibHbiMH 
arperaxamn c eAHimmioM moiahooxbr) no 10 xbic. rBx. 

B ifamefi expanc HanSojibuiHe npHJiHBbi ao 10—13 m 
iiaujuu/^iKSTC^ Ha no6epe>Rbnx EapeHAeBa, OxoxcRoro 
n BeJioro MopdL B nacroHiAee BpeMH Ha 6epery EapeH- 
Aeua Mop>i xiticxpoaia HeSojibinan onbixHan npHJiHBHaH 
I K j koiopah Aio>Kex- npojio>KHXb Aopory axoMy xnny 
FJL n (Jobctckom Coiose, 


head (more than 80 m) installations. The “Termorgio” 
(Switzerland) plant with H-914 m and “Reisseck” 
(Austria) with H=1173 m may be classified with high- 
head pumped storage plants. 

In the USSR, the construction of the pumped sto¬ 
rage plants has just begun. At the present time a rela¬ 
tively small plant on the Kuban-Kaluzhsky hydro¬ 
electric system and the Kiev pumped storage plant of 
200 thsnd kW capacity are in service. 

The “Hydroproject” Institute serveyed and selected 
many sites for the construction of efficient pumped 
storage plants with small per-unit capital invest¬ 
ments. 

Tidal power plants utilize the enrgy of sea tides 
and ebbs. A system of dams and dikes affords accu¬ 
mulation of the water of sea tides which is then deli¬ 
vered to the units. The sea tides and ebbs are caused 
by the attractive force of the sun and the moon and take 
place twice each 24 hours and 50 minutes. The maxi¬ 
mum tidal rise is observed at new moon when the sun 
and the moon are on one side of the earth and the 
minimum tidal rise occurs when the sun and the moon 
are on the different sides of the earth. The maximum 
difference of water height during tides and ebbs is 
observed in narrow bays (up to 21 m). In open seas 
the difference does not exceed 1 m. On small seas 
separated from the ocean the tides and ebbs are im¬ 
perceptible. 

Tidal plants have found wide use in France. They 
are equipped with bulb units of small capacity (see 
below). The first relatively large tidal plant constructed 
in France is of 240 thsnd kW rated capacity. It is 
equipped with 24 bulb units of 10 thsnd kW capacity 
each. 

In this country, the maximum tides up to 10—13 m 
are observed on the Barents, Okhotsk, and White seas. 
A small experimental tidal plant was constructed on 
the foreshore of the Barents sea several years ago. 




















OCHOBHME CBE4EHHH 0 rH4P0ArPErATAX 
ry H HX KOMnOHOBKAX 

BASIC INFORMATION ON HYDROPOWER 
UNITS AND THEIR LAYOUT 


2-1. OCHOBHME nOHHTHfl O 
rn^poAiPErATAx 

no™ saStiTbi T e BpeMeHa, norfla b npoMbiuuieH- 
hocth nepeflaqa KpyxmAero MOMeHTa rHApoxypSHHHoro 
Bajia k pa3JiHBHoro po^a MaiiiHHa/vi npoH3BOAHJiaci> 
nocpe^cTBOM peMemmix, KaHaTHbix h 3y6qaxbix nepe- 
flay C npOMOKyTOBHblJW 3BCHOM B BHfle XpaHCMHCCHH. 
B HacTOHmee BpeMH SHeprcm noTOKa bo^bi c noMoim>ro 
ru,ipoT\'p6HH ii rHaporenepaxopoB npeo6pa3yexcH b 
ajieKTpHBecKyio aHeprmo, a nocjiefliiHH no jihhhhm 
3.iei<Tponcpe;piii nepea npeo6pa30Baxejn>Hi>ie rioAcxan- 
H 3-neKTpoflBHraTejiH npHBOAHx b ABinKeime 
BceB03Mo>KHbie ManiHHbi H arperaTbi. C nporpeccoM 
3HeproManiHHocTpoeHHH Bee MeHee 3aMexHOH cxaHo- 
bhtch rpamma Me>Kny rHApoxypflHHOH n ranporenepa- 
TOPOM. B coBpeMeHHbix npynHbix miApoarperaxax xyp- 
6 ™ a n reHepaTop HMeiox oahh o6iahh Ban. 3xox Ban, 
Ha KOTopbin naca>KCHbi poTopbi ]'H, : ipoTyp6Hiibi n 
rnflporeHepaTopa, mtokct coctohtb H3 HecKonbKnx 3 B e- 
HbeB, coe^HHeHHbix MeiKfly co6oh flojixaMH. OSiahm ajih 
B cero riinpoarperaTa HB.'mexoi T3K>Ke onopiibifi no;i- 
HinnHHK, Ha3biBaeMbiH noflnnTHHKOM; Ha Hero onnpa- 
eTCH poxop rHApoarperaxa, npe^CTaBnnioinHH co6oh 
coeflHHeHHbie b oaho penoe poTopbi rHApoxypfiimbi n 
rHAporeHepaxopa. Kopnyc cepBOMoxopa paSonero ko- 
neca noBopoxHO-jionacxHOH rHApoxypfiHHbi y hckoxo- 
Pbix KOHCxpyKAHH rHApoarperaxoB OAHOBpeMeHHo cny- 
>KHX h BxynKOH poxopa THAporeHepaxopa. HaKOHep, 
y raApoxyp6HH h rHAporeHepaxopoB o6ujiie napaMexpbi, 
onpe;(e.'i>[K)inne hx p sooty, a hmciiiio MomHoexb, 
HOMHHanbHan h yroHHaH cKopociH BpameHHH. 

CoxpaHHBHieecn ao Hacxonujero BpeiweHH pa 3 Aejib- 
Hoe npoeKXHpoBaHHe rHApoxypfimi n raAporeHepaxo- 
Pob, 6a3npyiomeecH nnuib Ha ofiMene oxAejibHbiMH 
CBeAeHHHMH, He oSecnenHBaex paAHOHanbHOH Koiwno- 
hobkh rHApoarperaxoB h b AenoM arperaxHbix 6 ;iokob . 
3xox HeAocxaxoK ocoSemio omyxHM npn npoeKiHpo- 
BaHHH KpynHbIX MaUIHH. 

EbICXpblH POCX eAHHHHHbIX MOmHOCXeH M3HIHH 
3acxaBnaex paccMaxpnBaxb xypfiimy h reHepaxop Kan 
Henxo Aenoe, npeAcxaBnmomee co6oh BMecxe co cxpon- 
xenbHoft nacxbio snaimir T3C paAHOHanbHo CKOMno- 
HOBaHHbift arperaxHbiH G.iok . 

TaKHM o6pa30M, noA rHApoarperaxoiw mbi 6yAeM 
noHHMaxb b nanraieiiiiicM CMOHxnpoBaHHbiH a-'ih co- 
BMecxHOH paSoxbi koahijickc runpocunoBoro o6opyno- 
BaHHH, cocxohiahh H3 rHApoxypfiHHbi H rHAporeHepa- 
xopa. ConexaHHH rHApoxyp6nH n rHAporeHepaxopoB 
PasnHnHbix XHnoB Aaiox rnApoarperaxw mhofiix oxnnn- 


2-1. MAIN CONCEPTS 
OE HYDROPOWER UNITS 

Many years ago the torque of the hydraulic turbine 
shaft was transmitted to various types of machines 
through belt, rope, and gear drives with an inter¬ 
mediate link in the form of transmission. At the pre¬ 
sent time the energy of water flow is converted with 
the help of hydraulic turbines and generators into 
electric power which is passed via transmission lines, 
transformer substations and electric motors to set 
various machines and mechanisms in motion. In the 
process of development of power machinery the boun¬ 
dary line between a hydraulic turbine and a hydro¬ 
generator becomes less perceptible. In state-of-the-art 
large hydropower units the turbine and the generator 
are mounted on a common shaft. The shaft that mounts 
the rotors of the turbine and the generator may consist 
of several links bolted together. A thrust bearing is 
also common to the whole unit; the rotor of the unit, 
which is composed of the turbine and generator rotors 
built integral in one piece, rests on the thrust bearing. 
The frame of the servomotor of the adjustable-blade 
or kaplan turbine runner is at the same time the gene¬ 
rator rotor hub in some designs. And finally, hydraulic 
turbines and hydrogenerators are characterized by com¬ 
mon parameters, viz., capacity, rated and runaway 
speed. 

The existing practice of separately designing the 
turbines and generators which is based on sporadic 
information exchange does not provide an efficient 
arrangement of hydraulic units and sets of units as a 
whole. 

This drawback shows up most vividly in designing 
large units. 

With a rapid growth of unit capacities of machines 
a turbine and a generator are considered as an integral 
part which, together with the construction section of a 
powerhouse, makes up an efficiently arranged set. 

Thus, a hydraulic unit is understood further as a 
complex of hydropower equipment assembled for joint 
operation and consisting of a hydraulic turbine and a 
hydrogenerator. A combination of hydraulic turbines 
and hydrogenerators of different types makes it possihle 
to obtain hydropower units of different design versions. 
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nblK flpyr ot Apyra KOHcrpy kthbhbix BbinojiHemm. 

Ha npynHbix T3C y cTaHaBjiHBaiOTCH, nan npaBHJio, 
ucpTHKajibHbie rnflpoarperaTbi, cocTonmne ns pa^najib- 
Ho-oceEbix hjih noBOpOTHO-JionacTHbix m^poTypSHH h 
uepTHKa^Hbix rHAporenepaTopoB no/jBecHoro hjih 30H- 
TiiHaoro THnoB, Bbipa6aTbiBaiomHx Tpexc|)a3HbiH nepe- 
MenBbin tok cxaHAapTHbix HanpiDKeHHH h nacTOTbi. 
B iieKOTOpbix crpaHax b cocTaB rnapoarperaTOB nacTo 
bx'ohht h KOBtuoBbie THtfpoTypSHHbi. Y Hac, B CCCP, 
BBHJ.iy orpaHnneHHocTH rH^popecypcoB, cnoco6Hbix 
BbicoKHe Hanopbi, 3 tot -ran rHApoxypSmi 
naxotfKT Jiniiib orpaHHneHHoe npHAieHeume. 

B HacTonmee BpeMH Kan y Hac, TaK h 3a py6e>KOM 
mwdJiH npHMeHHxt rHApoarperaTbi c ^naroHajibHbiMH 
rBApoTvpfenaMH, KOTopbie npe^cxaBJunox co6oh hchto 
cpe/Uice AiOK^y noBopoTHo-jionacTHbimH h pa/jHajibHo- 
aceBbiAiH. 

Bo AiHornx cTpaHax, b tom nncjie h b CCCP, HanajiH 

HpiimeilHTL pa3JIHHITbie THnbl ropH30HTaJILHbIX rn^po- 
□rperaroR, no3BOJinioiHHX cHn>Kaxb 3aTpaTbi Ha ctpoh- 
TejibOTBO F3C, Tan KaK ohh npH Tex nee raSapHTax 
enoeoSHbi nponycnaTb nepes ce6n 6ojibniHH pacxo^ 
ne>Kejni BepTHKajiLHbie arperaTbi, h TeM caMbiM 
vmcrh 6ojn>niyio ycTaHOBjieHHyio moii^hoctb . B CCCP 
HaiidojibuiHe ropH3OHTajiLHbie KancyjiBHbie rHjjpoarpe- 
ran>i c oxjiax^eHHeM oGmotok reHepaTopa 

no 20 Tbic. kBt ycTaHOBJieHbi Ha Khcbckoh 
n F3C. Tanon >i<e moiiuhocth Kancyjibiibie 

i^HilpoarperaTbi c bo^hhmm oxjia>K^;eHHeM oSmotok reHe- 
p.aTOj)a ycTaiJOBjreTiT>i Ha x IepenoBei^KOH T3C h nepe- 
T3C IlnrypcKoro Kacna^a. KpoMe Toro, Haxo- 
jpitch it OKCiiJiyaxaoHiT ABa nancyJibHbix rHApoarperaTa 
mouuioctmo no 46 Tbic kBt Ha CapaTOBCKOH T3C. 


As a rule, large hydroelectric power plants are equip¬ 
ped with vertical hydropower units consisting of radial- 
axial (Francis) or adjustable-blade (Kaplan) turbines 
and vertical generators of the suspended or umbrella- 
type producing three-phase alternating current of stan¬ 
dard voltage and frequency. In some countries, hydro- 
power units very often include impulse turbines. In 
the USSR these turbines are of limited utility because 
of lack of hydraulic potentials capable of creating 
very high heads. 

At present, both in the USSR and abroad, hydro- 
power units with diagonal-flow turbines, which are 
something in-between adjustable-blade and radial-axial 
turbines, have found use. 

In many countries and in the USSR different types 
of horizontal units have come into use which reduce 
the construction cost because with the same size the 
discharge of water through them is much higher than 
that through vertical units and, consequently, the instal¬ 
led capacity appears higher. In the USSR the largest 
horizontal bulb hydropower units with air cooling of 
generator windings of 20 thsnd kW capacity are instal¬ 
led at the Kanevskaya and Kievskaya hydroelectric 
power plants. Bulb hydraulic units of the same output 
with water cooling of generator windings are installed 
at the Cherepovetskaya hydroelectric power plant and 
at perepadnaya stations of the Inguri system. Besides, 
two bulb units of 46 thsnd kW output each are installed 
at the Saratovskaya hydroelectric power plant. 


2-2. OCHOBHME HAPAMETPM, 
OnPE^EJIJIIOIUHE PAEOTY 
niAPOATPEPATOB 


Ko.ijhacctiic) ROAt! (b KyfiHHecKHX Mexpax), npoxe- 
muoiHct: Hcpea rHAp<)Typ6imy 3 a OAHy cei-cyriAy, npn- 
ilhti) huh i,maxi> p a c x 6 a o m, nponycKaeMbiM thapo- 
jvpiuiin'n. 3 'iot pacxoA npn HeH3MeHHLix Hanope 
h K ii.A. iipHMU nponopAAPHajieH HecoMOH arperaxoM 
H " t 1 .' !1 a npn iieHameHHMx uarpyaite a K.n.«. oflpaxHo 
1 1 P 1 >1 topunuiiajtcn nai ropy, 

1 Ini. uam-.w 8«Sramam pacxoAa boaw ahh KpynHeft- 
IUIU( l’H«Poaxperax 08 HHUKOHaAopimix T3C hchhcjxh- 

.. KyotiMerpc®. Tan, nanpawep, K 3 FKAWH 

r «AimW'p;cra'r Bo.'i>Ket<oft T3 C hmuha B. H. JleHHHa 
■M'> ! UOftiHHttAkuoxI iiaipyuice AponycKanx pacxoA Ao 


1 111 '■ t! hhjkmimi otef|);Lwi. Paunocn, MfeJKjiy 3 1 

i. T™' Mi,H > T ° ,mec J MOKAy OX.V.CTKa.MH Beps 
ripHMxo HaabTBaxL Hanoi 
' iifqAcjBHCvr b Mexpax. Ho 


2-2. BASIC PERFORMANCE 
CHARACTERISTICS OF HYDROPOWER 
UNTTS 

The amount of water (in cubic meters) flowing 
through a hydraulic turbine per second is called the 
discharge of a turbine. This discharge at constant 
head and efficiency varies directly with the load of 
the unit and at a constant load and efficiency it varies 
inversely with the head. 

The numerical quantity of water discharge of the 
largest units of low-head hydroelectric power plants 
amounts to hundreds of cubic meters. For instance, 
each hydraulic unit of the Yolzhskaya hydroelectric 
power plant named after V.I. Lenin discharges up to 
675 m 3 /s at rated load. 

Water levels above and below the hydroelectric 
power plant are called upstream and downstream, 
respectively. The difference between these levels and, 
more precisely, between the upstream and downstream 
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flcua, Hanop 6pyTTO oxo6pa>KaeT pa3H0CTt noTemjHajiB- 
Ht»ix y^ejiLHbix SHeprHH boabi b BepxHeM h hh>khcm 
6te(J)ax rHApoajieKTpocTaHi^HH. JJjih ra^poTypGHH Aepn- 
b a ahohhbix ra^poajieKTpocTaHqHH HariopoM Spyrro 
cuHTaeTCH pa3Hocxb meyKjxy ypoBHHMH boabi b KOHi^e 
6e3HanopHoM ^epHBai^HH h b otboahiacm KaHajie y 
rHApOCTaHI^HH. 

BnojiHe noHHTHO, uxo paSo^HH Hanop Ha 
rHAP0Typ6nHe (Hanop hctto) 6y^eT Bcer^a 
MeHbnie nanopa fipyxxo, a hmcfiho , Ha BejiHHHHy, 
paBHyio noTepHM b ycrpoHCTBax, uorbor^irhx Bojxy 
k rHApoarperaTy, a HHor^a h otboahiahx ee ot Hero. 
3 th noTepn ajih HH3KOHanopHbix F3C no cymecxBy 
CBOAHTCH K nOTepHM npH TlORBORe BOABI OT 3a6paJTbH0H 
SajiKH ao cnnpajibHOH KaMepbi h cocxaBJimox ot aoch- 
Tbix AOJien npOAeHTa ao 2%. JJjih cpeAHeHanopHbix h 
B bicoKOHanopHbix F3C Ha3BaHHbie noTepn y>Ke npe- 
BbimaiOT 2%, a rjik T3C c ajihhhbimh Tpy6onpoBOAaMH 
OHH npH6jIH>KaK)TCH Aa>Ke k 10%. 

BejiHHHiia Hanopa He MO>i<ex 6 bitb no ctohhhoh bo 
B peMeHH: 0Ha H3MeHneTCH c H3MeHemieM cooTHomeHHH 
MOKAy npHTOKOM boabi b b o AOxpaHH jiHine h npo- 
nycKOM BOAbi uepe3 rHApoarperaTbi hjih Apyrne boao- 
nponycKHbie ycTpoHCTBa rHApoajieKTpocraHAHH. 

CyrqecTByex Taione noHHTHe pacneTHoro 
Hanopa, MHHHMajiBHo HeofixoAHMoro rjih nonyue- 
HHH HOMHHaJIBHOH MOIAHOCTH rHApOTypOHHBI. ITo BeJIH- 
HHHe Hanopa rHApoTypSnHbi, xan >ne nan h rnApo- 
3JieKTpOCTaHAHH, noAp 33AeJIHIOTCH Ha HH3KOHanOpHbie, 
cpeAHeHanopHbie h BbicoKOHanopHbie (cm. §1-1). 
BjiaronpHHTHbie npnpoAHbie ycjioBHH rjih 3(J)(})eKTHB- 
Horo HCIIOJlLSOBailHH BbICOKHX HanopOB HMeiOTCH B 
IIlBeHAapHH H Abctphh, pacnojiaraioiAHX rnApoajieK- 
TpocxaHAHHMH c HanopaMH AO 1768 M. B Cobctckom 
C oi03e Tanne ycJiOBHH OTcyTCTByiOT, b cHJiy nero 
HanSoJibHiKH Hanop Ha Harnnx rnAposjieKTp o craHAHHx 
cocTaBjiHGT 538 m (b rpy3HH) h 668 m (b Ka 3 axcTaHe). 

EAHHHHHaa moiahoctb ycTaHOBjieHHoro 
Ha F3C rHApoarperaTa onpeAejineTca pacxoAOM boabi 
nepe3 Typ6nHy, HanopoM h HHAHBHAyajibHOH cnoco6- 
hoctbk) rHApoarperaTa npeBpamaTB OHeprnio TeKymen 
boabi b 3JieKTpHHecKyio SHeprHio. 

Ecjih pa3HocTb ypoBHen BepxHero h HH>KHero 
6be(f)OB, Ha3biBaeMyio HanopoM, o6o3HauaTB nepe3 77, 
a BecoBon pacxoA boabi, HanpaBJineMon c stoh bbicotbi 
H a pafiouee nojieco rHApoTypOHH, uepe3 yg, to pafioTa, 
coBepmaeMaa boaoh npn naAeHHH c bbicotbi 77 b 
T eneHHe lc, SyAeT paBHa npoH3Be achhio BecoBoro 
pacxoAa boabi yg Ha BBicoTy naAeHHa 77. Ho Tan nan 
paSoTa, coBepmaeMaa b TeneHne 1 c, ecTB moiahoctb, 
to 4>opMyaa moiahocth 6e3 yneTa noTepb npHMeT 
TaKon bha : 

N^yQH, 
rAe y — Bee 1 m 3 b ki\ 


levels, is called a gross head which is calculated 
in meters. As a matter of fact, the gross head represents 
the difference of the potential energy of water in the 
upstream and downstream reach. For hydraulic tur¬ 
bines of diversion hydroelectric power plants the gross 
head is the difference of water levels at the end of the 
pressureless diversion and in the tailrace at the power¬ 
house. 

It is clear that the operating head on the 
turbine (net head) will be always lower than the 
gross head by the value of losses in the structures sup¬ 
plying water to the turbine and sometimes discharging 
water from it. These losses for the low-head hydro¬ 
electric power plant usually boil down to the losses 
between the curtain wall and the scroll case and amount 
to from some ten fractions of per cent to 2 per cent. 
For medium-head and high-head hydroelectric plants 
these losses exceed 2 per cent and sometimes approach 
10 per cent. 

The head cannot be maintained constant in time; 
it varies with the change of ratio between the water 
inflow to the reservoir and the water discharge through 
the units or other water conducting structures. 

The rated head is the minimum head requi¬ 
red to obtain the rated capacity of the turbine. Line 1 
hydroelectric power plants, hydraulic turbines are cl as si- I 
fled as low-head, medium-head and high-head devices I 
(see 1-1). Favourable natural conditions for effective j 
utilization of high heads may be found in Switzerland | 
and Austria where power plants operate from the 1 
head up to 1768 m. Such conditions are absent in th§j I 
USSR and, hence, the maximum heads are 538 m in J 
Georgia and 668 m in Kazakhstan. 

The unit capacity is determined by the j 
water discharge through the turbine, by the head and I 
by the specific ability of the unit to convert the energy : I 
of flowing water into electric power. 

With the difference between the upstream and I 
downstream level (the head) designated through 77 and J 
the weighted water discharge directed from this height j 
to the turbine runner through y Q, work done by the 
water falling from 77 within one second will be the 
product of the weighted water discharge yQ by the: i 
height 77. Since the work done within one second is j 
the capacity, the formula of capacity will be as follows * I 

N = yQH, 

where y is the weight of one cubic meter in kg. 
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Ecnn pacxoA boabi Q npHHHTB b KySoMeTpax, a 
mUJun boabi H b MeTpax, to (jpopMyjia moiahocth c 
paaMepHOCTBK) b kh jiorpaMMOMeTp ax b ceKviiAy 

Ire . m/c) SyAeT 

N = 6*1000 77. 

Hto6bI BBipa3HTL MOIAHOCTB B JIOHiaAHHBIX CHJiaX 
f IBC.), KaK 3T0 HaCTO A^JiaiOT HHOCTpaHHBie (JmpMBI, 
tqjibko hto npHBeAeHHyio (fiopMyny cneAyeT narracaxb 
rare: 


N = Q-1000 H ^ 

15 

B CCCP MOIAHOCTB npHHHTO BBIpa>KaTB B KHJIO- 
Barraxj a nocKOJibKy 1000 kTc.m padoTBi, npoH3BeAeH- 
hgh aa 1 c, paBHa 9,81 kBt, to 4>opMyjia moiahocth 
e pairnepHOCTBio b khjiob aTTax (kBt) 6yAeT hmctb 
siiA’ 

N - 6*9,81 H. 

Bupa/KCHHoe b npHBeAeHHBix BBirne (JiopMyjiax 
mkmm MOIIAKJCT0 HBJIHeTCH HHCTO TeOpeTHHCCKHM, 

T3i< Km h ACHCTBHTejiBHocTH moiahoctb rHApoarperaTa, 
IjQAyuemiaH Ha mmiax THAporeHepaTopa, 6yAeT MeHBine 
Ail BCJUimmy, paBHyio rHApaBJinnecKHM, MexaHHue ckhm 
ii luieK.i piiuecKHM noxepHM b rHApoarperaTe b npeAe- 
:tdx arpci arnoro 6jiOKa. 3Ta BejiHHHHa xapaKTepH3yeTCH 
Ki>3(l.iriiiiAWcm‘OM nojie3Horo achctbhh ycTaHOBKH. C 
vmctum norepb a niApoarperaTax h boaotokc 4>opmyjia 
MunmocTii u kBt npHMeT oKOHHaTejiBHo bha: iV=9, 
P QH% rAe -/j — K03(J)4)HAHeHT nojie3Horo aghctbhh 
tirpera r nioro finoKa. 

T< O 3 f|M]) h a h e h t n o ji e 3 h o r O A G h c t- 
n h h rt^t^poai^pcraTa, Ha3niBaeMBTH C0KpaiAeHHO K.n.A- 
n nOiKmaqaeMBiH o6bihho nepe3 v], ecTB oTHomeHHe 
i iv> 3c;mofi moiahocth N n , nojiyHeHHOH Ha uiHHax rnApo- 
i coepiriopa, k — moiahocth noTOKa boabi, nponyc- 
ho 'icpca nijipoTypoiTiiy Rjm npHBeAeHHH noc- 
’icAnefl £i JlpyrHMH cjiOBaMH, K.n.A* ecTB 

cytHoiuemie v^ umrocTra nojrytieHHOH Ha mnnax reHepa- 
11 1 ^ P^moeTii yAejiBniiix 3HepriiH boabi npH bxoag 

1 f MApqxypOHHy u no bhixoag H3 OTcacBiBaioiAeii xpyObi 
irmu'HCM 6 bcc])c. ' i aKHM oflp^poM, 


t'. 11 . 4 . liitsrm Henbiue eflHHHqbi h 33 bh- 
° IT 07 Koucrpyrau-m k paamepos rHApoarpera-ra, ot 
' mo ibd OToii.'icnmr h <Vt p©KHMa ero paSoTM. 

np “ pwm m*tu k: n.fl. ameHSOT ceoe 

. . . W<VCt|Ua« m:u!Oh;[>, jnefi jJcjiriqriHLT npn pa6oxe 

Hm pvana«H, tviiKiKitnui u msnsmSkbam. h cHH>Kaao. 
" Ha Hrti'pyaiiax n Ha iiarpyaKax BBirne 

"nt.ir^Hou K.ji a* KpymiBTx ruiino- 


If the water discharge Q is taken in cubic meters 
and H in meters, then the formula of capacity (in 
kilogram-metre per second), kgf. m/s, will be: 

N-= 6x1000 77. 

To express capacity in terms of horsepower (h.p.), 
which is frequently used abroad, the formula will be: 

N Qx 100077 
” 75 

In the USSR the capacity is usually expressed 
through kilowatts and as 1000 kgf. m of work done 
during one second is 9.81 kW, the formula in terms 
of kilowatts is 

N — 6x9-81 77. 

The value of capacity expressed in the above for* 
mulae is purely theoretical because capacity of a 
unit at the generator busbars is lower by the value of 
hydraulic, mechanical and electrical losses in the unit. 
This value is characterized by efficiency of the plant. 
With allowance made for the losses in the units and 
conduits the capacity formula in terms of kW will 
take the form: 


N = 9.81 y) 

where rj is efficiency of the unit. 

Efficiency of the unit designated usually 
through 7] is the ratio of the generator output power 
at its busbars, N n to the capacity N s of the water 
stream passed through the turbine to set the latter in 
motion. In other words, efficiency is the ratio of capa¬ 
city obtained on the generator busbars to the diffe¬ 
rence of specific energies of water at the inlet of the 
turbine and at the outlet of the draft tube in the down¬ 
stream reach. Thus, 


Efficiency is always less than unity and depends 
on the design and size of the unit, quality of its manu¬ 
facture and conditions of operations. A change in ope¬ 
rating conditions causes a change in efficiency, which 
is maximum with loads close to the rated ones and 
minimum at small loads and at loads above the rated 
values. Efficiency of modern large hydropower units 
operating in most favourable conditions is 0.82—0.90. 
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arperaTOB, paSoxaiomux b naHBbiroflHeHiiiHX peHomax, 

cocTaisaHCT 0,82—0,90. 

H 3 noTept, paBHBix 10—18%, okojio flByx Tpeieft 
npHxoflHTCH Ha rHflpoTypSuHy h okojio omhoh Tpera 

Ha rHflporeHepaTOp. IloTepH b rHApoarperaTe moh<ho 
pa3«ejiHTb Ha: a) rHApaBJiiHiecKne, BbiabisaeMbie tcm, 
bto sHepriiH HOTOKa TepneTCH b boaotokc ot TypOmiHOH 
KaMepBi ao HH>KHero Obe^a; 6) MexamraecKHe, saxpa- 
HHBaeMBie Ha TpeHHe b noAUiHHHHKax h noAHHTHHKe; 

B) BeHTHJiHAHOHHbie h r) oiieKTpiraecKHe. IIocjieAHHe 
CKJiaABiBaiOTCH rjiaBHBiM oOpaaoM H3 noTepb b oSmotkc 

H aKTHBHOH CTajiH CTaTopa, noTepb Ha B036y>KAe- 

Hue h AP* 

K.n.A. riiAP° ar P eraTa He CJie My eT nyTaTb c K.n.A* 
Bcero arperaTHoro SjioKa, TaK Kan b nocJieAHeM cjiynae 
k nepenHCJieHHbiM noTepHM AoSaBJiniOTCH eiue noTepn 

B BOAOTOKe OT sepxHero 6be$a A o TypSuHHOH KaMepbi 

H a npeoAoneme conp othbjichhh TpeHHio boahi o 
CT eHKH nOABOAHIAHX H OTBOAHIAHX yCTpOHCTB, pa3AC- 
jiHioiAHe 6 bihkh, copoyAep>KHBaK)iAHe pemeTKH h AP- 
CnopocTB BpameHHH rHApoarpe- 
r a t o b oCbihho cocraBJineT ot 62,5 a° 500 o6/mhh. 
OHa onpeAeJineTCH ycjiOBHHMH paOoTbi rHAP0Typ6HHbi 
npn HanSoJibrneM k.h.Ao Tan Kan 3TOMy HanSoJibmeMy 
k.h.a. raApoTypOHHa MonceT oTBenaTb tojibko npn 
oahom onpeAeJieHHOM 3 HaueHHH yrJiOBofl CKOpocra ee 
BpameHHH (hjih, nan roBOpHT, ee obopoTHocm). Cko- 
pocTb BpameHHH raApoarperaTa n cBH3aHa c uacTOTOH 
nepeMeHHoro TOKa / h hhcjiom nap nomocoB thapo- 
reHepaTopa p cJieAy 10men 3aBHCHMocTbio . 

n __ f ^ o6/mhh. 

p 

Out of the total loss of some 10—18 per cent about 
two thirds falls on the turbine and about one third 
is due to the generator. The losses in the unit may be 
divided into: a) hydraulic losses due to the fact that 
the energy of water flow is lost in the stream from 
the turbine chamber to the downstream reach, b) me¬ 
chanical losses due to friction in bearings and in thrust 
bearings, c) ventilation and d) electrical losses. The 
latter are mainly, copper and iron losses, and also 
excitation losses, etc. 

Efficiency of the unit should not be confused with 
efficiency of the whole set because in the latter, in 
addition to the above-discussed losses there are losses, 
in the water stream from the upstream reach to the 
turbine chamber due to friction of water against the 1 
walls of supply and discharging structures, splitter 
piers, trash racks, etc. 

The speed of rotation of hydra ml 
lie u n i t s is usually from 62.5 to 500 r.p.m. The 
speed is determined by operation of the hydraulic tur-1 
bine at maximum efficiency because the turbine is in 
compliance with that maximum efficiency at one defi¬ 
nite value of angular speed of rotation (in other words 
its specific speed). The speed of rotation of the unii 
n depends on a.c. frequency f and on the number of 
pole pairs p and is defined by the following equation: 

fx60 

-r.p.m. 

p 

^HCJieHHoe 3 HaneHHe nacTOTbi cTaHAapTHo; b CCCP 
oho cocTaBJineT 50 Fa. 

IIpH pac'icrax ACTa.’ieii poTopa raApoarperaTa Ha 
npOHHOCTb HCXOAHT H3 yCJIOBHH paai'OHHOH 

CKOpOCTH BpameHHH, T.e. T3K0H CKOpOCTH, 

KOTopyio arperaT mohcct paaBHBaTb npn c6poce c Hero 
noJiHoft Harpy3KH npn ycnoBHH, hto nanpaBJiHiomHH 
annapaT ocTaeTCH otkpbitbim y paAnajibHo-oceBBix 

THAPOTypOHH HOJIHOCTbK), a nOBOpOTHO-JIOnaCTHBIX 

Ha 50 _60%. TaKoe HBJieHHe MOHteT npoH30HTH b 

cjiynae HencnpaBiiocTH KaK chctcmbi peryjinpoBaHHH 
ckopocth BpameHHH, TaK h iianpaBJiHioiucro annapaTa. 

nojiyneHHe y noBopoTHO-jionacTHbix rHApirrypoHii 
MaKCHMajIbHOH CKOPOCTH BpameHHH HpH OTKpbITHH 

iianpaBJiHiomero annapaTa jihiub Ha 50—60% o6bhc- 
HHeTCH TeM, HTO IIOJIHOMy OTKpBITHK) COOTBeTCTByeT 
SojibuiHH yro:i pa3BopoTa yionacreii paoo'iero KOJieca, 
HTO CnOCo6cTByeT TOpMTOKeHHIO pOTOpa TypSHHBI B 
BOAOTOKe. 

BeJIHHHHa p33rOHHOH CKOPOCTH H3X0AHTCH B npH- 
moh 3 aBHCHMOCTH ot Beca poTopa raApoarperaTa, b 
nepByio onepeAb, poTopa raAporeHepaTopa. C yMCHb- 

The numeric value of frequency is standard: in 
the USSR it is 50 Hz. 

In calculating the strength of the rotor parts onsl 
should proceed from the conditions of runaway 
speed, i.e. the maximum speed the turbine can 
attain at no load on the unit and with the gates fully 
open in radial-axial turbines and 50—60 per cent open j 
in adjustable-blade turbines. 

This may take place in case of a malfunction in tk? 
speed regulation system and in the wicket gate media? 
nism. 

Maximum speed of adjustable-blade hydraulic 
bines with wicket gates only 50—60 per cent open is 
explained by the fact that the full opening is follows^ 
by a large angle of blade tilt which results in the hi akff S 
of the turbine rotor in the water stream. 

The value of runaway speed varies directly 3 s 'l 
weight of the unit rotor and primarily the rotor of «« 
generator. With a decrease in the ratio of run^y! 




HiemieM OTHomeHHH pa3roHHQH CKopocra k HOMHHajit- 
H ofi ? T.e. c yMeHtmeHHeM K03(fxf>mpieHTa yroHa rHApo- 
nOHBJIHeTCH B03M0>KH0CTb yBeJIHHHTb JJJta- 
^errp poTopa; npn 3 tom, coxpaHHH 3a^aHHbiii MaxoBOH 

JftQMCHT* MO>KHO yMCHblUHTL erO BCC. 

MaxoBOH MOMeHT poTopa raApoarperaTa npHMepHo 
na 90—92% onpe^ejineTCH MaxoBbiM momchtom poTopa 
rriiiporenepaTopa h jihhii* Ha 8 —10% — m&xobbim mo- 
poTopa ra^poTypOHHBi. BejiHHHHa MaxoBoro 
MOMeirra onpe/jeJiHeTCH ycaobhhmh peryjinpoBaHHH cko- 
pociy BpameHHH, npH 3 tom noBBimeHne ckopocth 
B pameHHH npn c 6 poce nojiHOH Harpy3KH He aojdkho 
np^BBimaxh, Ka k npaBHJio, 40% ot HOMHHajibHOH cko- 
pocTB BpameHHH, xoth HHor^a npe^ycMaTpHBaeTCH h 
8 o;ibmrm npoijeHT. MaxoBOH momcht 0 Ka 3 t>iBaeT 6 ojib- 
moe BJrnHHHe Taione h Ha yctohhhboctb napajuiejiBHOH 
patlOTBi a^hhoh rHApoajieKTpocrraHi^HH c ^pyriiMH. 

Paamwasr ^ai-iHbiMH o pa3Mepax ra AporeHepaTopa, 
MO>KHO BbIHHCJIHTb erO MaxoBOH MOMeHT 

GD 2 = 3 (D\ — Df 0 )L t , t-mS 

rite (j - Macca poTopa, t ;D — tfnaMeTp miepijHH Maccbi poTopa, 
/h, ; i>i iiapy>iaibi^ ^naMeTp poTopa, m; L\ ~ ^jiHHa aKTHBHOH 
criLHUj DUt — BHyTpeHHHH ^HaMetp o6o^a poxopa, m. 


Bbpmc^eHHoe 3HaneHHe GZ > 2 cne^yeT yBejiHHH- 
BflTb Ha 10%, HToSbi ynecTb MaxoBOH momcht HKopefi 
BoaSy^ireji?] h ocroBa poTopa; nojiyneHHyio nojiHyio 
Ban hum MaxoBoro MOMema reHepaTopa hcoGxoahmo 
yBejnriHTb eme tia 8 — 10 %, hto 6 bi ynecTb MaxoBOH 
MOMCHT pOTOpa B7TJTpOTyp6liHbI H nOJiyHHTb TCM CaMbIM 
MOXOBOii momcht Bcero raApoarperaTa. 

Ba>KHbjM rrapameTpom raApoarperaTa HBjineTCH Ha- 
lipHJKfcHHG: na ero 3a>KiiMax; BooSuje roBopa, raApoarpe- 
\ *.\ y Mo>kho cAejiaib na jno6oe HanpHaceHHe, BnjiOTb ao 
iumou/ibinLTo, ocsocniToro no H30 jihijhh o6motkh. 
o.'Obiuu )imi Kaa^oro ^Hana30Ha moiijhocth cTaH^ap- 
™ ycraiiOBJTeiio onne^ejieHHoe Hanpa>i<eHHe. Tan, b 
{ 1 ' ^ upiinuTbi ejre/tywoiHe CTaH^apTHbie bcjihhhhli 
nanpa>Remrii: 


MOtAHGCTb notpoavperaTa, Hanpa>KeHHe Ha 3 a>KHMax, 
TJHCv rBt kB 

;io 20 6,3 

10,5 

13.8 


C rirauic 125 


(ne CTaH/japTHoe, ho ho 
riojmayeMoe Ha npaKTHKe) 

15,75 


pafioxa raApoarperaTa npn 

umhojocth c OTmTuieimeM OTHOMnnajib- 
nv J IITUl P«>hemu] y npe;j;cjiax 4r5%, hto komHchch- 
tL,il,L >b'cin-i h Li TTOBbimaiomeM Tpanc- 

KJU 11 tT Tl ulllllH M^P.CA0 lh Hpn HSMeneHUH &arpy3- 

■DB iHKma Nn ... 


speed to the rated one, i.e. with a decrease in the runa¬ 
way coefficient of the hydraulic turbine it appears 
possible to enlarge the rotor diameter; in doing so 
the weight of the rotor may be cut down maintaining 
the given flywheel torque. 

The flywheel torque of a hydropower unit includes 
about 90—92 per cent of the flywheel torque of the 
generator rotor and only 8—10 per cent the flywheel 
torque of the turbine. The flywheel torque is deter¬ 
mined by the conditions of speed regulation; an in¬ 
crease in the speed at no load on the unit should not 
exceed, as a rule, 40 per cent of the rated speed though 
sometimes a higher per cent is envisaged. The flywheel 
torque has a pronounced effect on the stability of 
parallel operation of the given and other plants. 

With the hydrogenerator size known one can calcu¬ 
late the flywheel torque using the following formula: 

GD % = 3 (A 2 — Ao 4 ) Lt , t-m 2 

where G —mass of the rotor, t; Z> — diameter of inertia of 
rotor mass, m; Di — outer rotor diameter, m; Lt — core length, 
m; Ao — inner diameter of rotor rim. 

The calculated value of GD 2 shall be increased by 
10 per cent as to take into account the flywheel torque 
of the exciter armature and the rotor spider; the value 
shall be increased again by 8—10 per cent to take into 
account the flywheel torque of the turbine rotor and 
thus to obtain the flywheel torque of the whole unit. 

One of important parameters of the unit is its 
terminal voltage. Generally speaking, the unit may be 
wound for any voltage e.g. up to the maximum value 
which the winding insulation can withstand. However 
the Standard stipulates Tor each range of capacity a 
definite voltage. For instance, in the USSR the follow¬ 
ing standard values of voltage are adopted: 

Capacity of the unit, Voltage across terminals, 

thsnd kW kV 

up to 20 6.3 

20—40 10.5 

40—125 13.8 

(non-standard but used) 
above 125 15.75 

Continuous operation of the unit at rated capacity 

is allowed with deviation from the rated voltage within 

±5 per cent which compensates for voltages variations 
in the step-up transformer and in the transmission line 
at a load varying from no load to full load. 
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2-3. KOMIIOHOBKH 
TURPO AFPEr ATOB 

A, OCHOBHLIE IIOJIOSKEHHH riPH BWEGFE 
BAPHAHTA KOMIIOHOBKH 

npH npoeKTupoBaHHH FHApoarperaTOB saflaiinoft 
Momnocra yuHTWBaiOT He tojibko BejiHHHHy HanopoB, 
KOTOpbie AOJl>KHbI 6bITb HCnOJIbSOBaHbl, HO H pHfl 

npyrnx o6cTOHxejibCTB, b nacTHOCTH to, hto hobopotho- 
jionacTHbie rHApoxypSHHbi npn paBHbix raSapHTax c 
npyrHMH rHflpoxypSHHaMH hmciot 6ojh>iiihh npHBeflen- 
Hbift pacxofl h Aaiox 6 ojii>hihh K.n.fl. npn pa6oxe b 
XHHPOKOM AHanaaone narpysoK h Hanopos. YnuTbisaiOT 
xaK>Ke to, hto paMHajibHO-ocesbie xy P 6HHbi xpe 6 yi 0 T 
AJIH C03A3HHH cnoKOHHoro pe>KHMa paGoxbi 6ojibiiiero 
3 arjiy6jieHHH oxcacwBaiomHx xpy6, a hto yAopowaer 
CTpOHTeHBCTBO. C APYrOH CTOPOHW, yHHTBIBaiOT H TO, 

hto paAnaJibHO-oceBbie rnApoTypSHHbi b hstotobjichhh 
AeuieBJie, a b oKcnjiyaTapHH HaAe>KHee h npome noBO- 

pOTHO-JIOnaCTHblX THAPOTypSHH. 

B cbok) onepeAb, KOHCTpyKHHH renepaTopa, bxo- 
AHUiero b cocxaB rHApoarperaia, onpeAejraexcH CKopo- 
CTbK) BpameHHH, narpysKOH Ha hoahhthhk, thhom 
B 036 y>KAeHHH H CHCTeMOH OXJia>KAeHHH 06 MOTKH CTa- 
Topa h poxopa. Bojiee 6 bicT P oxoAHbie renepaxopbi 
AeJiaioxcH, nan npaBHJio, noABecnbiMH c abymh 
H anpaBJiHiomHMH noAuiHHHHKaMH, a reHepaTopw thxo- 

XOAHbie — 30 HTHHHBIMH C ABYMH HJIH OAHHM HanpaB- 

hhioiahm hoauihhhhkom c P acnojio>KeHHeM onopw 
HOAHHTHHKa Ha CHeAHaJIbHOH HHHOieH KpCCTOBHHe HJIH 
na KpbHHKe xypSHHbi. Pacnojio>KCHHe noAHHTHHKa na 
KpbHUKe TypSHHbi h npHMeHeHHe HOHHoro B 03 6y>KAeHHH 
H03BOJIHJIH 3 HaHHxejibHO coKpaxHTb Bbicoxy arperaxa, 
HTO A3JIO B 03 M 0 >KH 0 CTb oTKasaTbCH ot Bajia reHepaTopa. 
B 3TOM cjiynae HeiixpajibHaH BTynna poTopa coeAHHHeTCH 
HenocpeACTBeHHO c BajioM TypSHHbi. 

Bw6op toh hjih hhoh KOMnoHOBKH Tpe6yeT B Ka>K- 
AOM oTAeJibHOM ciiynae cyry6o HHAHBHAyaJibHoro hoa- 
xoAa, B HacTHOCTH, ynera Bcex B 03 M 0 >KHbix npeHMy- 
mecTB h HeAOCTaTKOB Toro hjih Apyroro THna thapo- 
Typ6HH h reHepaTopoB, o6ycjioBJieHHbix boahbim p»kh- 
mom, paSoTOH arperaTa b cncreMe h T.n. 


li. KOMIIOHOBKH BEPTHKAJIhHMX 
rHflPO APPEr ATOB 

B CBH3H c TeM, hto H3roTOBJieHHe rHApoarperaTOB 
60 JIBIHHX raSapHTOB B r0pH30HTaJIbH0M HCnOJIHeHHH 
conpHJKeHO c 6ojibhihmh Tpy ahocthmh H3-3a hco6xoah- 
MOCTH B 3T0M CJiyHae HMeTb MHOrOKpaTHbie yCHJieHHH, 
a cjieAOBaTeJibHO, h yTJDKejiemie hx OTAejibHbix y3JiOB, 
KpynHbie MOipHbie rHApoarperaTbi b 6ojn>uiHHCTBe 
cjiynaeB AeJiaioTCH BepTHKajibHbiMH. Oahhm h 3 npn- 
MepoB KOMnoHOBKH BepTHKajibHoro THApoarperaTa mo- 
>Ker cjiy>KHTb oSbeAHHeHHe b cahhom arperaTe paAH- 
ajibHO-oceBOH rHApoTypSnHbi h noABecHoro rnApore- 


2-3. UNIT LAYOUT 

A. BASIC CONDITIONS GOVERNING 
THE SELECTION UNIT LAYOUT 

When designing hydropower units of a given capa¬ 
city one should take into account not only the value cl 
heads to be utilized but some other conditions including 
the fact that adjustable-blade turbines having dimen¬ 
sions similar to other types of hydraulic turbines me 
characterized by higher unit discharge and higher effi¬ 
ciency when operating within a wide range of heads 
and loads. It should be also taken into consideration 
that the radial-axial turbines require a deep setting of 
draft tubes for even running of the unit, which raises 
the cost of construction. On the other hand, it should 
be noted that the radial-axial hydraulic turbines ar£ 
cheaper in manufacture and more dependable and easier 
in operation that the adjustable-blade turbines. 

The design of the generator, which is an integral 
part of the unit, is determined by speed, load on the 
thrust bearing, type of excitation, and cooling system 
of the stator and rotor windings. As a rule, high-speed 
generators are of the suspended type with two guid$ 
bearings and low-speed generators are of the umbrella 
type with two or one guide bearings and with the thra$i 
bearings support located on the lower bracket or on 
the headcover. The location of the thrust bearing di| 
the headcover and the use of electronic excitatici 
make it possible to reduce considerably the height 
of the unit and so to dispense with the generator shaft 
When this is the case, the rotor hub is coupled direct!) 
with the turbine shaft. 

The selection of layout requires an individM 
approach to the matter in each particular case 
due regard for advantages and disadvantages of tl| 
or that type of turbines and generators caused 
water regime, operation of the unit, etc. 

B. LAYOUT OF VERTICAL UNITS 

As manufacture of large-sized horizontal hy|| 
power units entails great difficulties associated tfflj 
the required repeated reinforcement resulting hi 
increase in the weight of separate parts, large hyd||j 
units are made vertical in most cases. One of 
examples of layout of a vertical unit is a combihatl 
of a radial-axial turbine and a generator of the 
ded type with the thrust bearing on the upper br^ 
(Fig. 10). 



Phc. 10. BepTHKajiBHbm ruflpoarperaT c 
pa#Hajn>Ho-oceBOH rH^pOTyp 6 hhoh h no#- 
bcchbim rn#poreHepaTOpoM: 

1 — OTcacbiBaiomaH xpyGa; 2 — paGonee KOJieco 
nmpOTypGHHbi; 3 — cxaxop rc-mpoxypSuHti ; 

4 — cnHpajiEHQH Kaiwepa; 5 — nonaxKa Hanpa- 

BJimomero annapaTa; 6 — xypGHHHbiH noAronn- 
hhk; 7 — KpuiuiKa r*mpoTyp 6 nHbi; 8 — cepBo- 
Moxop HanpaBjiniomero annapaxa; 9 — Ban rn- 

UpoxypGuHbi; 10 — Ban rHAPoreHepaxopa; 11 — 
hiukhhh rHflporeHepaxopHbiH noAiuniiHHK; 12 — 
BftHHa nofliimriHHKa; 13 — hh>khhh KpecTOBHHa 
THAPoreHepaTOpa; 14 — xopM03a rHAporenepa- 

xopa; 15 — o6oa poxopa rHAporeHepaxopa; 16 — 
cepAeHHHK exaxopa rnAPoreHepaxopa ; 17 — 06 - 
moxke cTaxopa THAPoreHcpaxopa; 18 — ocxob 
poxopa; 19 —noAiocbi poxopa; 20 — bcpxhhh 
KpecxoBHHa; 21 —cerMeHXbi noAnnxHHKa; 22 — 
Ahck noAnaxHHKa; 23 — BepXHHH nanpaBAflio- 
iiihh noAiUHnHHK riiAporeHepaxopa; 24 — B 03 - 
GyAHxcAt riiAPoreHepaxopa 


Fig. 10. Vertical hydropower unit with 
radial-axial turbine and overhung hydro¬ 
generator : 

1 — draft tube; 2 — runner; 3 — stay ring; 4 — 
scroll case; 5 — guide vane; 6 — turbine bearing; 
7 — head-cover; 8 — wicket gate servomotor; 

9 — turbine shaft; 10 — generator shaft; 11 — 
lower generator bearing; 12 — bearing oil bath ; 
13 — generator lower bracket; 14 — generator 

brakes; 15 — generator rotor rim; 16 — stator 
core; 17 — stator winding; 18 — rotor spider; 

19 — rotor poles; 20 — upper bracket; 21 — 

thrust bearing segments; 22 —thrust bearing 
runner; 23 — generator upper guide bearing; 
24 — generator exciter 


" ’ 1 ' : ' ‘‘ ’'' b hoaiihtijhk Ha Bepxneii npecTo- 

blllH- puc. 10). 


’ 11 ' ’ - NTOM t hhO h-j paju lajibtio-ocesoi-i nmpoTypGir 
OtmiHltOro reucpHTOpa c iioauhtuukom, pacno: 
tvjtni.iM 11.1 cuaiiHajibiioil tioope. ycTanoRjiGHHoB; 
w ri<tutriL' xypfi it hi > i (pm;, | pp 

jtpwiauiMjwe i'HApoarperaTi.j, ycTiyiaBJiiiHacM 
" J,x iH^poaACKTpoerammHx c nanop 
'■‘'■"'ho KpMttOEtjKirtea m Twmm 
HiltbL, MMiaomeii xojioctoh blitiv, 

rcucpaiopa c umvmmam 


Another example is the layout of the vertical hydro- 
power unit of the Krasnoyarskaya hydroelectric power 
plant which consists of a radial-axial turbine and a 
generator of the umbrella-type with the thrust bearing 
placed on a special support mounted on the headcover 
(Fig. 11). 

Vertical hydropower units installed at high-head 
hydroelectric power plants with a head ranging from 
250 to 300 m are usually composed of a radial-axial 
turbine with a relief valve and a generator of the sus¬ 
pended type with two guide bearings located on the 
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Phc. 11. BepTHKajiBHMH rHApoarperaT moiahoctbio 500 tbic. Fig. 11. Vertical hydropower unit of 500 thsnd kW capacity 

kBt c paAHajiLHo-oceBon rHApOTypSHHOH n 3 ohthuhmm with radial-axial hydraulic turbine and umbrella-type gene- 

rHAporeHepa*ropoM c no auhthhkom, pacnoJiOKeHHBiw na rator mounted on headcover (Krasnoyarskaya hydroelectric 
KpbimKe TypoHHBi (KpacHoapcKan F3C) power plant) 


noAiiiHnHHKaMH, pacnono>KeHHbiMH Ha BepxHeit h hh>k- 
Heii KpecroBHHax (pHC. 12). Xojioctoh BbinycK y Tarax 
THApoTypSHH iipeACTaBJineT co6oh npeAoxpaHHTeJiBHoe 
ycTpoHCTBO, ycraHaBJiHBaeMoe Ha cimpajibHOH KaMepe. 
Oho npH H3MeHeHHH pokhmob pafloTBi rHApoarperara 
npeAOTBpamaeT noBbimeHHe a&BJ ieHHH b cimpajibHOH 
KaMepe Bbirne AonycTHMBix 3HaueHHH. 

THApoarperaTbi BepraKajibHoro Hcno jihchhh, b co- 
CTaB KOTOpbIX BXOAHT IIOBOpOTHO-JIOnaCTHbie THAPO- 
Typ0HHbI, oflblHHO KOMnOHyiOTCH C 30HTHHHbIMH reHe- 
paTopaMH, Tan Kan oth arperaTbi ycTaHaB jihb aiOTCH Ha 
T3C c HH 3 KHMH h cpeAHHMH HanopaMH (pHC. 13). 

3a nocjieAHHe ro am b KOMnoHOBKy BepTHKajibHbix 
rHApoarperaTOB crajiH bxoahtl AwaroHajibHbie rHApo- 
Typ0HHbi . Ohh y CTaHaB jihb aiOTCH Kan Ha F3C, TaK h 
Ha FA3C. 

B CCCP, no npeAJio>KeHHio B. C. Kbhtkobckopo, 
oahh TanoH onbiTHbiH rHApoarperaT moiahoctlio 
77 Tbic. kBt ycTaHOBJieH Ha ByxTapMHHCKOH T3C 
(pHC. 14). JJaHHbie SKcnjiyaTaiiHH cBHAeTejibCTByiOT 
o nepcneKTHBHocTH TaKHX Typ6HH. B Hacronmee BpeMH 
7 Typ6nH Tanoro rana cahhhhhoh MomnocTbio no 
215 tbic. kBt npn Hanope, paBHOM 78,5 m, ycTaHaBJiH- 
BaiOTCH Ha 3encKoii F3C. 


upper and lower brackets (Fig. 12). A relief valve is 
a pressure regulating device installed on the scroll'J 
case. This device functions to prevent pressure rise itf] 
the scroll case above the permissible values when op&t 
rating conditions of the unit change. 

Vertical hydropower units comprising adjustable-: 
blade turbines are usually arranged with umbrella ■ 
type generators because these units are installed a! 
hydroelectric power plants under low and mediaflV 
heads (Fig. 13). 

In recent years diagonal-flow hydraulic turblw 
have entered into the layout of vertical units. Th^ 
are installed at conventional hydroelectric power pJauU 
and at pumped storage plants. 

In the USSR, at the suggestion of Y.S. Kvjatkovskyri 
one experimental unit of such a type of 77 kW capacity 
was installed at the Bukhtarminskay hydroelectric 
(Fig. 14). The results of operation hold much promise- 
At present, seven turbines of this type of 215 thsnd k^ffl 
each with a head of 78.5 m are being installed at 
Zeiskay hydroelectric power plant. 
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PaAnajibHo-oceBbie, noBopoTHo-jionacTHbie h Ana- 
roHaJibHbie rHApoTypSnHbi, bxoahiuhc b cocraB thapo- 
arperaTOB, noKa3aHHbix Ha pnc. 10, 14, othochtch k 
peaKTHBHOMy rany, b KOTopbix Hcnojib3yeTCH rnaBHbiM 
of>pa 30 M 3HeprHH AaBJiemm, cooTBeTCTByiomaH pa3- 
I hocth AaBJieHHH nepeA paflouHM KOJiecoM rHApoTyp- 
(mHbi h 3 a hhm. CTporo roBopn, ohh He hbjihiotch 
tmero peaKTHBHbIMH, TaK I<aK B HHX UaCTHHHO HCnOJIb- 
avcTOT h KHuerHHecKan 3HeprnH noTOKa boabi Ha 
HXOAC h BbixoAe H3 paSouero KOJieca. 

PaSouee KOJieco peaKTHBHOH ruApOTypOHHbi h Bee 
coeniiHeiiHBie c hhm BpainaiomHecn uacra FHApoarpe- 
rara nprmoAnrcH bo BpaiqaTejibHoe ABH>KeHHe BOSAen- 
ctbhcm peaKTHBHoro AaBJieHHH noTOKa boabi Ha pa6o- 


Radial-axial, adjustable-blade and diagonal-flow 
turbines shown in Figs 10, 14 are reaction type turbines 
using primarily the energy of pressure corresponding 
to pressure differential before and behind the runner. 
Strictly speaking, they are not purely reaction turbines 
because the kinetic energy of the water flow is partially 
used in them too at the inlet and outlet of the runner. 

The runner of the reaction hydraulic turbine and 
all the rotating parts of the unit connected to it are set 
into rotation under the effect of the reaction pressure 
of water flow exerted on the runner and the pressure 
due to the deflection of the flow. In the process, the 



I 

, 


Phc. 12. FuApoarperaT c paftHajiB- 
HO-oceBOH rHApOTyp Shhoh: , HMeio- 
men xojioctoh BbinycK h mapoBon 
3 aTBOp: 

1 — paSonee KOJieco FHApOTypbHHbi; 

2 — xojioctoh BbinycK (peryjiHTop Aa- 
BJieHHH); 3 — rHAporeHepaTop; 4 — bo3- 
GyAHTejib THAporeHepaTOpa; 5 — rnapo- 
BOH 3aTBOp 


Fig. 12. Hydropower unit with 
radial-axial incorporating pressure 
regulator and spherical valve: 

1 —turbine runner; 2 —relief valve (pres¬ 
sure regulator); 3 — hydrogenerator; 4 — 
generator exciter; 5 — spherical valve 


29 
































































































































































































































































































































































































































Phc. 13. rHflpoarperaT c noBopoTHo- 
JionacxHOH rn^pOTypSuHOH h 30hthhhi>iai 
rH^porenepaTopoM c onopon iiHTbi Ha 
KpbiiHKe rHftporypSiiHbi (Bojdkckeih 
13 C HiweHH B. H. JleHHHa): 

1 — OTcacbiBaioiijtaH Tpyba; 2 — KaMepa pa6o*icro 
KOJieca THApoTypQHHbr; 3 ~ pabcmee kojicco 
raflpoTypGHHbi; 4 — CTaTop rH^poTypSuHbi; 5 — 
onopa no^nHTHHKa; 6 — noflnHTHHK ; 7 — CTa- 

Top rHflporeHepaTopa; 8 — poTop m^poreHepa- 
Topa; 9— BepxHHH KpecTOBHHa rtmporeHepaTO- 
pa; 10 — B036y^HTejib rHAporeHepaTopa; 11 — 
peryjiHTop ckopocxh BpameHHH rHflpoiyp6nHbi; 
12 — cepBo/viOTop nanpaBJiHK)ipero annapaTa 


Fig. 13. Hydropower unit with adjus¬ 
table-blade turbine and umbrella-type 
generator resting on headcover (Volzh- 
skaya hydroelectric power plant named 
after V.I. Lenin): 

1 — draft tube ; 2 — runner chamber; 3 — turbine 
runner; 4 — stay ring; 5 — thrust bearing sup¬ 
port ; 6 — thrust bearing; 7 — generator stator; 
8 — generator rotor; 9 — generator upper bracket; 
10 — generator exciter; 11 — turbine speed gover¬ 
nor; 12 — wicket gate servomotor 


nee KOJieco h AaBjieHHH, nojiyneHiioro 3 a cuex otkjio- 
HeHHH noTona. Bpameime nponcxoAHT npn oxom b 
CTOpOHy, odpaxHyio otkjiohchhio boabi, npoxo^HiiteH 
uepe3 paOouee KOJieco. 

y pa^HajibHo-oceBOH rHApoTypOHHBi noTOK boabi 
noABOflHTcn k JionacTHM padonero KOJieca no cnnpajib- 
hbim jihhhhm, p acnojio>KeHHbiM b nepneHAHKyjiHpHBix 
k och BpameHHH njiocKOCTHx. B paSoneM KOJiece noTOK 
nonra nojiHocTbio BbinpaBJinexcH b oceBoe HanpaBJie- 
Hne h yxo/tnx b OTcacBiBafoiuyto xpydy, noxopan oxbo- 
Ahx ero b HE. OcoSeHHocxBio pa^najiLHo-oceBbix 
rnnpoxypSHH hbjihctch to, hto noxoKH boafl bbixo- 
AHiime c jionaxoK paSonero KOJieca, npoHocncb no oxca- 
cbiBaionteH xpy6e, o6pa3yiOT BHxpeBbie HcryxBi, koto- 
pbie pa3pymaiOT cxeHKH axon xpy6bi h nopo^aiox 
BHSpaitHK) ra/tpoarperaxa. HtoObi ocjia6nxb Bpe^Hoe 
^encxBHe oxhx >KryTOB, cxpoHxejibHyio Bbicoxy oxcacbi- 
Baioiqen Tpy6bi ^ejiaiOT Ha 35% OojiBine, neM npn 
Hcnojib3 ob aHHH noBopoxHo-JionacxHbix rHApoTypflHH, 
hto, KOHenHO, coripn>KeHO c AonojiHHxejibHbiMH 3axpa- 


runner rotates in the direction opposing the de fleetioil 
of water passing through the runner. 

In radial-axial hydraulic turbine water is supplied 
to the runner blades via spiral lines located in plahej 
normal to the axis of rotation. In the runner the flovy 
is led almost completely in the axial direction and enters 
the draft tube which discharges it to the downstream 
reach. One of peculiarities of radial-axial hydraulic, 
turbines is that the water flow leaving the runner bl-aflcS: 
and rushing through the draft tube forms vortiM 
which break the walls of the draft tube and give rise 
to vibration of the unit. In order to reduce the advert 
effect of these vortices, the construction height tff 
the draft tube is increased by 35 per cent as compared 
with adjustable-blade turbines which, naturally, invol¬ 


ves additional expenses. Hydropower units with radial- 
axial turbines enjoy overall reknown due to 
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Phc. 14. BepTHKajitHbiii ra- 
ApoarperaT mohjhoctlio 77 tbic. 
kBt c tffiaroHajiBHOH ra^po- 
TypSimoH (EyxxapMHHCKaH 
T3C): 

1 — oTcacbiBaioman Tpy6a; 2 — jio- 
nacra paScmero KOJieca; 3 — jionaT- 

kh HanpaBjiHiomero annapaxa ; 4 — 
ermpa jn>Ha h KaMepa; 5 — Baji Typ- 
6nHbi; 6 — reHepaTOp 

Fig. 14. Vertical hydropower 
unit of 77 thsnd kW capacity 
with diagonal-flow turbine 
(Bukhtarminskaya hydroelec¬ 
tric power plant): 

1 — draft tube; 2 — runner blades; 
3 — guide vanes; 4 — scroll case; 

5 —turbine shaft; 6 — generator 



■! in. Hrmro/rapH npocioxe KOHcxpyKipra, Ha^OKHocTH 
n maiuiyamum u cptiBHHxejybHO BbicoKOMy K.n.A. 
i FiApoai peratBi c p&^ajiibHo-oceRBiMH rHApoTypdHHaMH 
tmipOKC>e patnpo exp aHeirne. Hx ycxaHaB jih- 

LmjlVl ™ I MJtpOC lUIUlHMN C pR3JTHHHbIMH HailOpaMH (OX 

® 500 jl) e e. tniinunoh HOipHocTbio ^o 500 xbic. kBt 

» MMiue 


r ^i n vm. vn i i rjOTOtt bojobij BbixonHinyni H3 HanpaB- 
t.Hrteio aifn.aproij BbinpLiufTHexcH H3 pa^najiBHoro b 
' u occubiM mtu>KcrniCM nona^aex 

CM pnOonero KO:teca 5 pacrKmoHceHHbie ne- 
1 noutcro annapaxa ruApoxyp- 
ttKtie 3 n (j k 'TypnuHbj, obnaAaH Oojibuihmh pa 3 - 
ycxaTEaRjiiiBaiOTCfl Ha thapo- 
KTLiimnHx u nanop.oM ao m «, Taic, moiahocxl 

m F3C ^HcepAan — 
111 yvT.muujimiacMMX na T3C 
r uaroxoBJTemibrx JLM3. hmck)t 

pC"^; 178 »*• i<e ’- -p- 


design, dependability of operation and relatively high 
efficiency. These turbines are installed at hydroelectric 
power plants with different heads (from 20 to 500 m) 
and unit capacity up to 500 thsnd kW and hig¬ 
her still. 

Adjustable-blade turbines are characterized in that 
the flow of water leaving the wicket gate mechanism 
is led from the radial to the axial direction and through 
axial motion falls on the blades of the runner located 
somewhat lower than the wicket gate. These turbines 
are large-sized and powerful and are installed at hydro¬ 
electric stations with a head of up to 80 m. For instance, 
the capacity of the turbines installed at the Jerdap 
— “Iron gate” hydroelectric power plant and those 
at the Sobradinho (Brazil) plant (manufactured by the 
Leningrad Steel Works) is 178 thsnd kW each with 
9.5 m runner diameter. 
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■qncjio jibnacTeH paGo^iero KOJieca y" fHApoTypfiHH 
3 Toro xnna o6bihho fibiBaeT paBHbiM 4, 5, 6, 7 h 8. 
B THApoTypbHHax hh3khx HanopoB mor^a npHMCHHiOT 
xpexjionacTHbie pafionne KOJieca. ^Ihcjio jionacreH TeM 
6ojibme, ueM Bbirne nanop, HcnojiB30BaTB KOTopbiH 
AOJDKHa rHApoTypbHHa. 

Y noBopoxHO-JionacTHOH rHApoTypbHHbi JionacTH b 
npoijecce pafioTbi noBopauHBaiOTCH no othouichhio k 
BTyjiKe pafiouero KOJieca Ha onpeAejieHHbm yroji b 
3 3 BHCHM 0 CTH OT pe>KHMa pafiOTbl. MexaHH3M nOBOpOTa 
jionacTeii paSonero KOJieca cBH3aH nepe3 opraHbi pery- 
jmpOBaHHH c MexaHH3MOM OTKpbiTHH HanpaBJiHtoinero 
annapaTa. Taicra oSpasoM, npH H3MeneHHH BejmuHHbi 
OTKpbixHH HanpaBJiHiomero annapaTa, ofiycjioBJiHBae- 
mom n 3 MeHeHneM moiahocth arperaTa, aBTOMaTHuecKH 
H3MeHHeTCH h yroji ycraHOBKH JionacreH pafiouero 
KOJieca, npaneM CTporo Ha Ty BejiHHHHy, KOTopan Heo6- 
xoAHMa ajih nojiyneHHH HanfioJiBinero k.ii.a. fhapo- 
TypSnHbi h ajih obecneneHHH cnoKOHHoro pe>KHMa ee 
paSoTbi npn AaiiHOH BejiHHHHe otkpbithh HanpaBJinio- 
mero annapaTa, cootb eTCTBylomen onpeAeneHHOMy pac- 

xoAy bo am* 

Ychjihh k MexaHH3My noBopoTa Jionacfen pafionero 
KOJieca nepcAaioxcH ot cepBOMOTOpa, np hbo ahmoto b 
A encTBne MacjiOM, noA^BaeMbiM ot MacjioHanopHon ycTa- 
hobkh noA AaBJieHneM 20—40 ktc/cm 2 . 

IIoBopoTHO-jionacTHbie ruApOTypOnHbi ofijiaAaioT 
pHAOM npeiiMymecTB no cpaBHeHHio c paAnajiBHO-oce- 
BbiMH, b nacTHOCTH, Sojiee cnoKOHHbiM aB mKemieM 
noTOKa boabi no jionacxHM pafiouero KOJieca. 3 to 
oSecnenHBaeTCH TeM, hto JionacTH b 3aBHCHM0CTH ot 
B eJiHHHHbi OTKpbiTHH rianpaBJiHiomero annapaTa ycTa- 
HajiHBaiOTCH Ha onTHMajiBHbiH rjik 3T0T0 pe>KHMa yroji. 
IIocjieAHee oficTOHTejiBCTBO 6jiaronpHHTCTByeT 6esy- 
AapnoMy BXOAy boabi Ha JionacTH paOonero KOJieca. B 
3THX FHApOTyp6 hH 3X HeT TeX 3HaHHTeJIBHbIX BHXpeBbIX 
>KryTOB, KOTopbie CBOHCTBeHHbi paAHajibHo-oceBbiM 
THApoTypOnHaM h npHBOAHT k BHfipaijHHM h pa3py- 

HieHHHM SJieMeHTOB npOTOHHOH naCTH. 

npeHMymecTBOM. noBopoTHo-jionacTHbix rHApoTyp- 
6 hh nepeA paAnajiBHO-oceBbiMH hbjihctch h fiojiee 
BbicoKHH K.n.A. ocoOeHHO npn paOoTe Ha hh3khx h 
nepeMeHHbix no BeJiHHHHe Hanopax, hto oObhchhctch 
O nHTb-TaKH B03M0HCH0CTBK) H3MeHHTb y nOBOpOTHO- 
jionacTHbix mApoTyp6 hh pa3BopoT JionacreH pabonero 
KOJieca b 3 aBHCHMOCTH ot OTKpbiTHH HanpaBJiHiomero 
annapaTa, coxpaH hh npH stom fiojiee bbicokhh K.n.^., 
TorAa KaK y paAnajiBHO-oceBbix rHApoTyp6 hh JionacTH 
paOonero KOJieca HenoABH>KHbi. 

KpoMe Toro, nOBOpOTHO-JionacTHbie rnApoTyp6 hhbi 
O bicxpoxoAHee paAHaJibHO-oceBbix. 3 to no3BOJineT npn 
Tex nee Hanopax HMeTb Ha T3C rHApoTypSnHbi c 6 ojib- 
men CKopocTbio BpameHHH, a npn Tex >i<e raOapHTax 
rn ap OTyp 6 hh — fiojiBiune npHBeAeHHbin pacxoA h mohj- 

HOCTB. 

Pa 3 HOBHAHOCTBIO nOBOpOTHO-JIOnaCTHOH THApOTyp- 
6hhbi HBJineTCH AByxnepoBaH THApoTypOnHa, otjihhh- 


In this type of turbines the number of blades In the 
runner is usually 4, 5, 6, 7 and 8. Sometimes in low- 
head hydraulic turbines a three-blade runner is used. 
The number of blades varies directly with the head on 
the turbine. 

The blades of adjustable-blade hydraulic turbines 
turn in the course of operation (in relation to the 
runner hub) through a certain angle depending on 
conditions of operation. The blade operating mecha^ 
nism is linked through controls with the wicket gate 
operating mechanism. Thus, any variation in the open¬ 
ing of the wicket gate due to a change of unit capacity 
changes the blade pitch automatically by the value 
required to obtain maximum efficiency of the turbine 
and to ensure even operating conditions at the given 
opening of the wicket gate which is in accordance 
with the given water discharge. 

Forces are imparted to the blade operating mecha-t 
nism from a servomotor operated on oil supplied 
from an oil pressure plant under 20—40 kgf/em^ 
pressure. 

One of the advantages of adjustable-blajde hydraulic 
turbines over radial-axial ones is a more even motion 
of water over the runner blade. This is achieved by the 
optimum angle of pitch which is in accordance with 
the degree of opening of the wicket gate. This favours 
hammerless entering of water into the runner blades 
In this type of hydraulic turbines no considerable 
vortices are observed which are typical of radial-axial 
turbines and result in vibration and breakdown of iM 
water-passage. 

Another advantage of adjustable-blade turbines 
over radial-axial ones is higher efficiency particularly, 
at low and variable heads which is also afforded by 
changing the tilt of the runner blades depending oh 
the opening of the wicket gate and at the same tinrfc 
maintaining higher efficiency whereas the runner 
blades in radial-axial turbines are fixed and immu? 
vable. 

Besides the speed of adjustable-blade hydraulic 
turbines is higher than that of radial-axial ones. Thiil 
makes it possible to install high-speed turbine^ 
hydroelectric power plants and to obtain higher uflWI 
discharges and capacity for the same size oi | 
bines. 

One of modifications of adjustable-blade turbi^j 
is a twin-blade hydraulic turbine characterized ih ^1 
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Te;n*H3H OCOfieHHOCTB KOTOpOH CBOAHTCH K TOMy, HTO 
y nee Ha KancAOM cJjJiaiiAe pafiouero KOJieca pasMemenbi 
ne oA^a, a ABe JionacTH. B cnjiy 3Toro npn tom >Ke 
KOAimecTBe jionacreM yBejiHHHBaeTCH nponycKHan cno- 
c0 {yiiGCTB pafionero KOJieca, hto nojiOHarreJiBHo bjihhct 
na KaBHTaitHOHHbie csoncTBa THApoTypfiHHbi h npoABH- 
ICT 3 tot THn TypfiHHbi b AHana30H HanfiojiBHinx Hano- 
pL1JJ npn y b ejiHueHHH ee moiahocth npn sthx >Ke ra6a- 
purax pafionero KOJieca. 

JlnaroHaJiBHbie TypfinHbi (pnc. 15) npeACTaBJinioT 
coOoil HeuTO cpeAHee Me>KAy noBopOTHo-jionacTHbiMH h 
paAimjiBHO-oceBbiMH riiApoTypfiHHaMH. JIonaTKH hx 
pafionero KOJieca pacnojionceHbi AnaroHaJiBHo h c 


each of the runner mounts two blades instead of one 
and, consequently, with the same number of blades 
the discharging capacity of the runner rises, which 
has a favourable effect on cavitation properties of the 
turbine and introduces them into the range of maximum 
heads with an increase of capacity of the same dimen¬ 
sions of the runner. 

The diagonal-flow hydraulic turbines (Fig. 15) are 
something in-between the adjustable-blade and radial- 
axial turbines. The runner blades are placed obliquely 
and with the help of the lever mechanism located in 



Phc. 15. THApoarperaT c 
AByxnepoBOH noBOpOTHo- 
jionacTHOH ruApoTypSHHOH 
h reHepaTOpOM 30HTH^noro 
Tuna 

Fig. 15. Hydropower unit 
with adjustable twin-blade 
turbine and umbrella-type 
generator 
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noMoruibio pbiua>KHoro MexaHH3Ma, pasMemeHHoro bo 
BT yjiKe, MoryT noBopauHBaxbCH BOKpyr CBoen och. 
IIpo(|)Hjn, jionacTeH paSonero KOJieca c/jejian xaK, mxo 

OHH CBOHMH Hapy>I<HBIMH KpOMKaMH CpaBHHXeJIbHO 

njioxHo npujieraiox k ccjjepHuecKOH noBepxHocxn KaMe- 

pbl, a CBOHMH BHyxpeHHHMH KpOMKaMH - K C(|)epH- 

necKofi noBepxHocxn BxyjiKH paflouero KOJieca. Ka k 
onpeAejieHo HccjieAOBaHHHMH, a xaK>Ke HcntixaHHHMH 
Ha MOAejinx, hoxok boabi b paSounx KOJiecax Anaro- 
HajibHbix THApoxypSHH aHaJiorHHeH no xapanxepy no- 
xoKy boabi b paSoHHX KOJiecax Sbictpoxoahbix paAnajib- 
HO-oceBbix rHApoxyp 6 nHj paSoxaioiAHX npn Hanopax 
ox 50 ao 120 m. B to >Ke BpeMH b A^aroHajiLHbix rnApo- 
TypOHHax co3Aanbi ycjioBHH rjih Oojiee cnoKoinioro 
ABHHceHHH noTOKa BOAbi no jionacTHM paSonero KOJieca, 
HTO o 6 x>HCHHeTCH yCTaHOBKOH HX no aHaJIOrHH C nOBO- 
poTHO-JionacTHbiMH rnApoTypOnnaMH Ha Bbi 6 paiiiibm 
onTHMajibHbiH yroji, cootb eTCTBy ioiahh a^hhoh bcjih- 
HHHe OTKpbiTHH HanpaBjiHioiqero annapaxa. A 3to 
npeAOTBpaiAaeT o6pa30BaHHe BnxpeBbix >KryTOB. 

Bee npeHMyiqecTBa noBopoTHO-jionacTHBix thapo- 
TypSnH nepeA paAHajibHO-oceBBiMH npneymn h Anaro- 
HajibHbiM TypOnnaM. To oflcTOHTejiBCTBO, hto Anaro- 
HajibHbie rHApOTypOnHbi MoryT umctb Sojibmoe hhcjio 
jionacTen (12 — 14), no3BOJineT npo ab HHy tb hx b oSjiacTb 
6ojiee Bbicorax HanopOB, hto HCKjnoneHO Rjm noBopoT- 
Ho-JionacTHbix rn Ap OTy p 6hh , nocKOJibKy yBejiHueHne 
HHCJia jionacTeii y nocneAHHx npHBOAHT k pe3KOMy 
y b ejiHneHHK) AnaMeTpa BTyjiKH paOonero KOJieca, a 
3T0 HaMHoro CHH>KaeT nponycKaeMbiH pacxoA boabi, 
yMeHtmaeT K.n.A-? y bcjihhhb aeT rHApaBjiHuecKHe no- 
Tepn h yxyAinaeT KaBHTaijHOHHbie cBOHCTBa thapo- 
TypOHH. Bee cKa3aHHoe o AnaroHajitHbix rnApOTyp6n- 
Hax cbh AeTejiBCTByeT o hx bbicokhx si-iepreTHuecKHx 
noKa3aTejiHX, OjiaroAapn ueMy ohh MoryT HaiiTH cede 
HinpoKoe npHMeHeHHe Ha T3C h TA3C. 

Fhap oarperaTbi, ycTaHaBJiHBaeMbie Ha BbicoKHe Ha- 
nopbi, KOMnOHyiOTCH H3 kobhioboh THApOTypOHHbl H 
noABecHoro reHepaTopa (pnc. 16). FHAp0Typ6HHbi Tano- 
TO THna AOJiaiOTCH C OAHHM, AByMH H HeCKOJILKHMH 
conjiaMH, nrjiaMH h noABOAaMH boabi. Boas H3 Hanop- 
Horo TpyOonpoBOAa, npoiiAH nepe3 mapoBOH 3aTBop, 
ycTanoBjxeHHbiH nepeA rHApoTypOnHOH, nocTynaeT b 
KOJ iJieKTop, H3 KOToporo pacnpeAejmeTCH no noABO- 
AaM. k conjiaM; conjia HanpaBjiniOT ee Ha padonee KOJieco 
h TeM npHBOAHT ero bo Bpamemie. Hhcjio coneji 3aBH- 

CHT OT MOIAHOCTH H Hanopa H oObIHHO COCTaBJIHeT OT 
OAHoro ao neTbipex. Padouee KOJieco y 3Toro THna 
THApoTypSHH, noKa3aHHoe Ha pnc. 16, npeACTaBJineT 
codon o 6 oa 5 CHa 6 >KeHHbiH no nepHc^epun KOBinaMH. 
3th KOBUIH OTJIHBaiOTCH JIh6o BMeCTe c o6oaom, jindo 
OTAejibHo ot Hero. B nocjieAHeM cjiyuae hx npHKpen- 
JIHIOT K o 6 oAy c nOMOIABIO 60 JITOB. 

Kpyrjian crpyn boabi, noABOAHMan k KOBmaM 
padouero KOJieca H3 conjia, paccenaeTCH Ha ABe paB- 
Hbie nacTH HO>KaMH, pacnojio>KemibiMH b cepeAHHe 


the hub are free to rotate about their axis. The profile 
of the runner blades enables the outlet edge to contact 
the spherical surface of the chamber rather tight and 
allows the inlet edge to come in contact with the sphe¬ 
rical surface of the runner hub. The studies and model 
tests have shown that the water flow in the runner of 
diagonal-flow hydraulic turbines is similar in nature 
to that of high-speed radial-axial turbines opera l ing 


on neads irom 50 to 120 m. At the same time, diagonal- 
flow hydraulic turbines afford favourable conditions 
for a smoother flow of water in the runner which is 
explained by the optimum angle of pitch to be in agrees 
ment with the given opening of the wicket gate which, 
in its turn, prevents formation of vortices. 

All the advantages of adjustable-blade turbines 
over radial-axial ones are also typical of diagonal^ 
flow turbines. The fact that diagonal-flow turbine^ 
may be provided with many blades (12—14) makes it 
possible to introduce them into the range of higher 
heads which is impossible for adjustable-blade turbines j 
because an increase in the number of blades in fchJ 
latter entails a drastic increase in the runner huh I 
diameter which, in its turn, reduces the discharge 
and efficiency, raises hydraulic losses and impairs 
cavitation properties of the turbine. All this points; 
to high-power generation characteristics of diagonal- 
flow turbines, so they will find wide application at 
hydroelectric and pumped storage plants. 

High-head hydroelectric power plants are provided 
with hydropower units comprising an impulse tnrbiilfi- 
and a suspended type generator (Fig. 16). The turbines 
of this type are made with one, two or several nozzlM 
needles and water supply lines. Water from the pen¬ 
stock passes through the rotary valve installed in iYqnt 
of the turbine and enters into the manifold, wherefrttltt 
it is distributed through supply lines to the nozzles; 
the nozzles direct water against the runner and set 
the latter in motion. The number of nozzles depends 0 
capacity and head and usually is from one to 
The runner of this type of hydraulic turbines ('Fig.: 18 j 
is a rim provided with a set of buckets placed aropfidj 
the periphery. These buckets are cast either 
with the rim or separately and in the latter case 
are bolted to the rim. 

A round jet of water delivered to the runner bucksi 
from the nozzle is divided into two equal p.attS “I 
splitters located in the middle of the buckets^ Tdl 





L 


Pik, 16. rnApoarperaT c ^eTbipexconejib- 

Hoii lammonoil rnftpoTypGHHOH: 

f — injJino/tHTmtft' op; 2 — pa6o^ee KOJieco; 3 — reHepaTop; 

4 ’■— iVj'toiQiiisTejn* cTpyu; 5 — coruio* noflBoflHmee bo Ay 


Fig. 16. Vertical hydropower unit with four-nozzle im¬ 
pulse turbine: 

1 — supply piping; 2 — runner; 3 — generator; 4 — jet deflector; 

5 — water nozzle 


WHiuefi. HaaHa’remje paccenaiomHx ho>kch — ymenh- 
i$ip ox no ah e ACHiiofl CTpyn. Kansan H3 pacce- 
’h mu.iv trrpyfi b nojiOBmie KOBiiia, HMeiomen (|)opMy 
■ Mcimex cnoe HanpaBJiemie Ha 6jiH3Koe k 
H potiftnoiione>KitOM,y 11 orAaex npn stom KOBiny cboio 
riPtecrcyiO jiicprnio. JlorepjiB 3HauHTejiLHyio uacxt 
Cicopoci'B, yX-pAliT B; tillHOUffl 6be(J). 

IVi y iii|>i»ismine KojinuecTua nocTynaioiueH Ha pa 6 o- 
HO 4 1 ec*) Bc’ ’ i.i •-k : i Cjicaob aTe.ubHO, h peryjiHpOBaHHe 
v vv.imtoi iii o| '>iiruYoAurea anioMamueCKU — B 03 Aen- 
ciiiuoai |u i v ::: cKopncTii Bpaii\enmi Ha nrjiy conjia, 

^ 11 f f 13 >i: ^ mcptmaer, jnioo npHKpbiBaeT HMeio- 

t b hcm [vinepcrm:, Bpe.MM, aaxpaniiHaeMDe Ha 


*C!icuiHl uarpy.YKu, oCycnoBjicno A^uyc thm bim a^b- 

O fpy flempt >tu>AC, GblCXpOH OCTaHOBKH 

uenuJu,uyinT cxpyn, koto- 

BpcsniHcii u ofnju, oTKAonucT ce ot KOBmeii. 
^dpHMeiout vr cnei u-i pmms Majibie 
ttpyn tioropiax b TbL^Hyio 

tiBHiN AIM e xnKmm r«APOTyp6H- 

WkitoMk ^ v (UmUJIIiBaitr r F3C, imzxmjjix 

-" U M. Hfe r^C A\: U ini: MQIAHOCTH HX 


purpose of the splitters is to cushion the blow of the 
delivered jet of water. Each of the split jets in the 
elliptical bucket almost reverses its direction and returns 
its kinetic energy to the bucket. The water jet loses a 
greater part of its velocity and is discharged to the 
downstream pool. 

The amount of water delivered to the runner and 
power generated there of are controlled automatically 
by a speed governor which acts on the nozzle needle 
to open or close the orifice. The time required for the 
needle to close and open the orifice in the nozzle at 
variations of the load is determined by the permissible 
pressure in the piping. For quick shutdown of the units 
a jet deflector is used which cuts into the jet and deflects 
it from the buckets. For braking the unit special small 
nozzles are provided to direct the jet to the rear side 
of the buckets. Hydropower units equipped with such 
turbines are usually installed at hydroelectric power 
plants operating on heads higher than 200 m. At 
hydroelectric plants of smaller capacity they are some- 
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CTaBHT HHoiTja h Ha MeHbuiHe Hanopbi (70—100 m). 
Han6ojn>iiiHH Hanop, Ha KOToptra ycraHOBJieHbi TaKHe 
THMpOTypOHHbl, COCTaBJIHeT 1768 M (ABCTpHH, F3C 
, ? PeHCCeK c c , H3rOTOBHTeJXb , ,IIIapMHJIb c c ). 


times installed for smaller heads (70—100 m). The 
maximum head employed for this type of hydraulic 
turbines is 1768 m at “Reisseck” hydroelectric plant in 
Austria. 



Phc. 17. BepTHKaJO.ntist 
arperax c pacnojKKKeHiieM ccppu* 
Moxopa padonero KOJieca no 
ueBOM coe^HHeHHH h no^rpixni!^ 1 
Ha Kpbmme ry polling 

Fig. 17. Vertical hydropower nnf| 

with servomotor in flangetl J ai n * 
and thrust bearing on beadcWj 
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B. OCOEEHHOCTH KOHCTPyKIJHfi Y3JIOB 
BEPTHKAJIbHLIX niftPOAFPEFATOB 

Ka>KAtm H3 ranoB rnApoTypSHHbi h rHAporenepa- 
TOUOBj bxomhiuhx b cocTas BepTHKajibHoro arperaTa, 
tt,fleet TaiOKe HeCKOJIbKO KOHCTpyKTHBHbIX HCnOJIHeHHH. 
TaK, HanpHMep, y noBopoTHO-JionacTHbix rHApoTypSHH 
cenBOMOTop paOouero KOJieca MO>KeT SbiTb pacnojio>KeH 
bq BTyjiKe pa6onero KOJieca (puc. 13), bo cJ)JiaHAeBOM 
coeAHHeHHH BajlOB TypOnHbi nreHepaTopa (pnc. 17) 
ivm bo BTyjiKe poTOpa (pnc. 18). Y raAporeHepaTopa 
noABCcnoro h 30HTHUHoro ranoB HanpaBJiHioiune noA- 
: cxt ? KOTopbie HanpaBJiaiOT Ban h BocnpnHHMaiOT 

paAKajibHue ycnjinn ot BpaujaiomerocH pOTopa, Bbi3bi- 


C- MECHANICAL DESIGN OF VERTICAL 
HYDROPOWER UNITS 

Each type of turbines and generators incorporated 
in a vertical unit is available of several design versions. 
For instance, in adjustable-blade hydraulic turbines a 
servomotor may be positioned in the runner hub 
(Fig. 13), in the flanged joint of the turbine and genera¬ 
tor shafts (Fig. 17), or in the rotor hub (Fig. 18). In 
hydrogenerators of the suspended and umbrella-type 
the guide bearings which guide the shaft and take 
radial forces from the rotor due to mechanical, elec- 



Phc. 18. BepTHKajibHbiH rnApo- 
arperaT c pacnononceHneM cepBO- 
MOTOpa padonero KOJieca bo Bxyji- 
Ke pOTOpa H IIOAIIHTHHKOM Ha 
KpblHIKe TypSHHbl 

Fig. 18. Vertical hydropower unit 
with servomotor in rotor hub and 
thrust bearing on headcover 


37 

















































































































































































































































































































































































































































































































Phc. 19. KoMnoHOBKH rH^poarperaxoB c pa3- 
jiHnHMM pacnojiOHceHneM HanpaBJiHion^Hx no#- 
ihhiihhkob rHflporeHepaTopa 

Fig. 19. Layout of hydropower units with dif¬ 
ferent arrangement of generator guide bearings 




BaeMbie Bceryja hmcioiahmch MexaHHuecKHM, ajieKTpn- 
hcckhm h THApaBJiH^ecKHM HeSanaHCOM rHApoarperaTa, 
pacnojio>KeHbi Ha pasjiHHHbix ypoBHnx. Oahh H3 Bapn- 
uhtob no^BecHoro rHApoarperaTa c abymh HanpaBJinio- 
iijhmh noflmiiiiHHKaMH npeACTaBJieH Ha pHC. 19, a. 
Oahh H3 noAniHnHHKOB pacnojio>KeH HaA poTopoM, Ha 
BepxHen KpecTOBHHe, a Apyron — noA poTopoM, Ha 
cneitHajibHOH onopHO-pacnopnoH KOHCTpyKitHH. ^Ba 
Apyrax BapnaHTa komhohobkh npeACTaBJieHbi sohthh- 
HbiMH THAporeHepaTopaMH c onopon noAHHTHHKa Ha 
HH>KHeH KpeCTOBHHe H OAHHM Hanp UBJIHIOIAHM nOA- 
immHHKOM (pnc. 19, 6 h b). 

B nepBOM cnyuae Hanp as jihioiijhh iioahihhhhk pac- 
nojio>KeH noA poTopoM mAporeHepaTopa Ha hh>khch 
K peCTOBHHe h i-ianpaBJiHer BTyjiKy poTopa; bo btopom 
cjiyuae noAuiHnHHK ycTaHOBJieH HaA poTopoM Ha cne- 
AHajibHOH onopHo-pacnopHoii KOHCTpyKipiH h HanpaB- 
jiaeT Baji rHAporeneparopa. CymecTByiOT 30HTHUHbie 
THAporeHepaTopbi c onopon no AnnTHHKa, pacnojionceH- 
hoh Ha KpbiuiKe rnApOTyp 6nHbi, KOTopbie hm&ot Ana 
HanpaBJiHiOHinx noAninnHUKa. Oahh H3 hhx yeraHOB- 
jieH Ha BepxHen KpeCTOBHHe, a BTopoix — Ha cneitHajib- 
HOH OnopHO-paCnOpHOH KOHCTpyKIJHH (pnc. 19, r). 

IIpHMeHeHHe HOHHOrO B03fly>KAeHHH n03B0JIHJI0 
3HanHTeJibH0 conpaTHTb A^nny Bajia arperaTa, uto 
CACJ iano B03M0>KHbiM 0TKa3aTbCH BOoSme ot Bana reHe- 
paTopa. B 3T0M. cjiyuae Ban Typ6mn>i KpenHTCH Heno- 
cpeACTBeHHO ko BTyjiKe poTopa (pnc 19, a). 


trical and hydraulic unbalance are arranged at dif- I 
ferent levels. One of the versions of a suspended 
type hydrogenerator with two guide bearings is 
shown in Fig. 19 a. One of the bearings is located 
above the rotor on the upper bracket and the other 
is under the rotor on a special supporting struc¬ 
ture. The other two versions are presented by 1 ; M;| 
umbrella-type with the thrust bearing resting 
the lower bracket and with one guide bearing’ 
(Fig. 19, 6 and b). 

In the former case, the guide bearing is positioned 
under the generator rotor on the lower bracket and I 
directs the rotor hub; in the latter case, the bearing 
is installed above the rotor on a special supporting ] 
structure and guides the shaft of the generator. 
are generators of the umbrella-type with the support i 
of the thrust bearing located on the turbine headc'ovtf* 
These generators have two guide bearings- I 
bearing is mounted on the upper bracket ^ 
the other is positioned on a special support structure 
(Fig. 19 r). 

Electronic excitation makes it possible to 
reduce the unit shaft length or to dispense with LhJ 
generator shaft. In this case, the turbine * - 
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Potop THAporeHepaTopa, npeACTaBJimou^HH co6oh 
maXOBHK CO OIHIjaMH, Ha Iiapy>KHOH OKpy>KHOCTH koto- 
poro pacnojio>KeHbi nomocbi c oSmotkoh nocTouimoro 
^OKB; TaK>Ke MOHCeT HMeTb pa3JIHHHOe KOHCTpyKTHBHOe 
HcnouHeHHe. B uhcthocth, hmciotch poTopbi raApore- 
nepaTopoB c npuMbiMH, paAHajibHO pacnojio>KeHHbiMH 
crnmaMH, KOTopwe npn pafloTe HcnbiTbiBaioT tojilko 
pBCTHTHBaiOIAHe yCHJIHH (cm. pnc. 13). Ho eCTb pOTOpbl 
c H 3 orHyTbiMH cnmjaMH, KOTopbie HcnbiTbiBaioT bo 
npeMH paSoTbi Ha cbohx hhhchhx h BepxHHX nojinax 
paCT>lTHBaiOIXIHe H OKHMaXOIIJHe yCHJIHH (pnc. 18). 

I\ KOMHOHOBKH FOPH3 OHTAJILIILIX 

mflpo afpet atob 

B pa 3 ACJie B Hacronmero naparpa(J)a 6bijio otmc- 
neuo, hto KpynHbie raApoarperaTbi oflbiHHo ACJiaiOTcu 
ficpTHKajTbHbiMH, OAHano HMeioT MecTO cjiyuan yera- 
uoriKH na T3C BectMa KpynHbix rHApoarperaTOB b 
l OpJ13OTIT0 JTfcHOM HCnOJIHeHHH C eAHHHHHOH MOU^HOCTblO 

SoJiee 100 Tbic. kBt npn CKopocra BpaineHHH donee 
I.ObO oG/mhh (pnc. 20 h 21). 

3a npCACAHee BpeMH KaK 3a pydencoM (ocodeHHO bo 
^ bpanipiii), tbk h b CCCP nauajin ninpoKO npHMeHHTb- 
cn i H 0pii3OHTairbHbie nojiynpHMOTOHHbie rHApoarperaTbi 
KancyjJbHOJX) (6yjib6oBoro) rana (pnc. 22 h 23). Oco- 
CeHiiocTH tukitx arperaTOB cboahtch k TOMy, hto y 


is mounted directly in the rotor hub (Fig. 19, a)* 

The generator rotor is a flywheel with arms carrying 
over the outer periphery poles with a d.c. winding. 
This rotor is available of several design versions too. 
In particular, there are generator rotors with straight 
radial arms which take in operation only tensile forces 
(Fig. 13). There are also rotors with curved arms which 
are subject to tension and compression in the upper 
and lower flanges (Fig. 18). 

D. LAYOUT OF MOBIZON1AL liYDltOPOWER 
UNITS 

Subsection B of this Section states that large hydro- 
power units are usually made vertical. Sometimes, 
however, large horizontal hydropower units of more 
than 100 thsnd kW unit capacity running at a speed 
higher than 1000 r.p.m. (Fig. 20 and 21) are installed 
at hydroelectric power plants. 

In recent years in the USSR and abroad (especially 
in France) horizontal bulb units (Figs 22 and 23) 
have found wide application. Hydraulic units of this 
type are characterized in that the passageway from 



I-ll 1 .. ? L 1V ’P» 


" 1 "-^rperaT c HOBimwofi T yp- 

8Bllai oC/mh,| ,, ; lj A iT P a ^PPCTH Bpanwima 

(lijndmnpMHj p ru vmopnm L cryn^ini Jluuji r 


Fig. 20. Horizontal hydropower unit with impulse turbine, 
100 thsnd kWA capacity, 600/1120 rpm, Tierfeld hydro¬ 
electric power plant of Lint-Limmern backup system (Switzer¬ 
land) 

























































































































































































































































„ Horizontal hydropower unit with impulse turbine 

P «. 2 , ~ " iJ “ P ° W ” ' 

6hhoh, ycTaHOBJieHHbiH na T3C Ceflpyn 



mtx BO^ T Pam « " - 32 SS nrB*»- 

xoA a H3 OTcact—et. tpjrf* cp Jettmo 
—» « ZZrZ p"a»r H«e BOPB- 

LZT s ^ 

o 1—2% npoTHB K.n.ffo xapaKTepHui 

rHflpoarperaxa Ha _ 0B c H 3orHyTbiMii 

- — 


Ptrc 22 OKHOBaubHbiH ropi^- 

soHTaJHHbffl KancymHbift rag 

arperar c HnaMerpoM 
KOJieca 5 m 

Fig. 22. Single-shaft horizontal 
bulb unit with runner, 5 
diameter 


the turbine inlet to the draft tube 

straight which has an advantage over J 

turbines. A horizontal draft tube ra .. (ffll 

the uni. by 1-2 P« - “ mpare4 J|S lu b« 
ciency typical of vertical units with cur ved 1j 

Moreover, the maximum amount p ^ |l u v 1* 
__turbines and capacity Ci 



KOJinuecTBO boabi, nponycnaeMOH uepe3 TaKHe rriApo- 
Typ6nHBi, a cjie^oBaTejiLHo, h moiahoctb rH^poarpera- 

TOB MO>KHO yBCJIHUHTB, AOnyCTHB lipH 3TOM 3HaUH- 

TejibHo MeHtniee na^eHne K.n.Ao ueM b rHApoTypdHHax 
c H3orHyTt>iMH oTcactiBaioutHMH TpySaMH. Tanne ru^po- 
arperaTbi MoryT hmctl npii Tex me SHauenunx K.n.A. 
h Tex >Ke radapHTax moiahoctb npaKrauecKH Ha 20— 
25% SojiBHiyio, ueM BepTHKajiBHBie rn^poarperaTbi c 
H3 OrHy TBIMH OTCaCBIB aiOHtHMH Tpy 6aMH. OTCyTCTBHe 
cnHpajiBHBix KaMep nosBOJiueT 31-iauHTejiBHO coKpaTHTB 
paCCTOHHHe MORAY npHMOTO HHBIMH fh ap OTy pSuHaMH , 
a cjie^OBaTejiBHo, h o6ii;yio ^jiHHy ZRsamn FHApoajieK- 
TpOCTaHItHH. 

ITpHMOJIHHeHHOCTB BOAHOFO TpaKTa BBIFOAHa H TCM, 
hto flonycicaeT MeHbmee sarjiydjieHue 4 3 Y H AaMeHTOB 
npn bo3BCA6hhh 3AamiH T3C, Tan KaK fiojiBinoe 
sarjiydnemte hx , npaKTHKyeMoe npn ncnojiB30BBHHH 
BepTHKaJIBHBIX rHApOTypSlIH, odbIHHO AHKTyeTCH Ha- 
jimmeM KOJieHa n AK4>4>y30pa OTcacBiBaiouteH Tpydbi. 
r0pH30HTajiBHBiH arperaT mo>kho noMecTHTB HaMHoro 
HH>Ke BepTHKaJibHoro. MnpoBau npaKTHKa rHApoTyp- 
SocTpoeHHH y>Ke co3Aajia nejiyio cepmo pa3JiHuiibix 
THnoB KancyjibHbix arperaTOB, padoTaioiAiix cpaBHH- 
TeJIBHO YAOBJieTBOpHTeJIBHO, OAHaKO MOIAHOCTB HX 

BecBMa HeBejiHKa — ao 50 thc. kBt (pnc. 24). Y 
TanoFo THna arperaTOB Kancyjia pacnojiaraeTCH jih6o, 
Kmc yKa3aH0 Ha pnc. 22 h 23, nepeA TypfiHHofi, jih6o 
aa Hen. HccjieAOBaimHMH, npOH3BeAeHHbiMH phaom 
cl>npjvi, yCTaHOBjieHo, hto BbiroAHee Bcero pacnojiaraTB 
icancyjry (reHepaTop) nepeA rHApoTy p6hhoh, Tan nan 
oto ymcTTbriiaeT rHApaBjmuecKne myrepn. 


increased with smaller fall in efficiency as compared 
with that of the turbines with curved draft tubes. For 
similar efficiency and size, these units may have a 
capacity 20—25 per cent higher than vertical hydraulic 
units with curved draft tubes. The absence of scroll 
cases makes it possible to reduce the distance between 
hydraulic units and to shorten the total length of the 
powerhouse, accordingly. 

A straight water passage is also preferable as it 
permits a less deepening of the foundation of the 
powerhouse which is not the case with vertical turbines 
as they have a bend and a diffuser of the draft tube. 
A horizontal unit may be located much lower than a 
vertical one. A series of different types of bulb units 
has been developed recently all over the world and the 
results of operation turned out to be satisfactory. 
However, their capacity is rather low — up to 50 thsnd 
kW (Fig. 24). In this type of units the bulb is located 
either in front of the turbine (Figs 22 and 23) or behind 
it. Investigations conducted by different companies 
have revealed that the location of the bulb (generator) 
in front of the turbine is most efficient because it reduces 
hydraulic losses. 

In this type of units the winding and other ele¬ 
ments of hydrogenerators are cooled with water, air 
or oil. 





Phc. 23. AByxBajiLHbiH ro- 
pH30HTajibHbiH KancyjibHbiH 
raApoarperaT c AnaiweTpoM pa- 
6 onero KOJieca 6 m h boahhbim 
oxjia>KAeHiieM oGmotkh cxaTopa 
H pOTOpa 

Fig. 23. Two-shaft horizontal 
bulb unit with runner, 6 m 
in diameter, with water-cooled 
stator and rotor windings 
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Phc. 24. ropH 30 HTani>HbiH Kan- 

cyjiLHbiH arperaT*. 

a — C BBIXOflHblM CTaTOpOM 
1 — Kancyjia, roJioBHaa 'lacra.; J 
nonniHnHHKH reHepaTopa;^ J reHep 
TOP . 4 — npoMemyTO^HbiK none, o . 

cepBOMOiop HanpaBJTHiomero amrapaxa, 
7 — saji TypoHHbi; 8 — nepeflHHH non 
iniinHHK TypBHHbi; 9 7 ™"™™ 
BJimoinero annapaTa; 10 — pa 6 onee ko 
jieco* 11 — macJionpHeMHHK ; 12 Bbl 
xoflHon cxaxop; 13 — aanHHft nofliminmm 
xypSuHW; 14 — KaMepa lypteK bi^O ^ 

n ervJiHpyiom;ee kojibu,o, 16 

Sop; /7-npoxofl b ronoBHyxo 
Kancynbi; iS-npoxon b 6exoHHOM 

6binKe KoHCOJn>HbIM paooiHM Knswm 
l _ M acjioBOflonpHeMHHK; 2 h J 

uihiihhkh renepaxopa; 4 — noAiunnH 
TypGnHbi 


Fig 24. Horizontal bulb unit- 

7 — turbine shaft; S — front - • . ,j__ 

ing; 9 —guide vane; 10 — 1 rcwT 

a^fto'theTad portion; « 
through a concrete pier 

5 heS; “ 8 /-^tator b*rb*i 

4 — turbine bearings 


OE*otkh H «pyr»e niaporeHepaTopoB 

OOTW oTCP b T3KOM ttck nwpoarpera-roB bohob, 

R 03 HVX 0 IVI HJIH MaCJIOM. 

B nepBO» payaae -rernio obexes or pe6pacn.pt 
cxeHOK Kancyjifci, oSmbiBaemoH bosoh. Bo bto P om h 
TperteM cjiywx ox6op xerma ixpohsboahtch neno- 
cpeACTBeHHO ox o6«oxok h flpyrnx ojiemeHXOB nwpo- 
reHepaxopa. lip* sxom B03„yx h «acno coBepm^x 
nBHHceHHe no 3 aMKHyxoMy KOHxypy, oxjianffl 
Kancyjibi boaoS b cneunajibHbix oxnaflnxejiHX. 


In the former case, heat is removed tiUlI ‘ rlb . . f 
walls of the bulb washed with water. Tn ^ J 

cases, heat is removed directly from 
and other elements of the generator. ■ 
place, oil and air circulate in a closed circui «^ 
coded with water outside the buih 

Bulb units are most favourable If 1 ^ ,he 

plants where it is extremely important to 
generator against sea water. 


Oco6oe npeHMyiqecTBO nancy jibHbie irmpoarperaTbi 
HMeioT Ha ripHJiHBHbix F3C, r^e np atme Ba>KHo san^H- 
thtb reHepaTop ot nonaAaiiHH MopcKOH Bo^bi. 

Cjie^cyeT cnasaTB, hto b nocjieAHee BpeMH pasjmq- 
Hbie 3 apy 6 e>KHbie (jmpMBi nccJieAyiOT bo3mo>khoctl 
co 3 AaHHH pe^yKTopa, KOTopbiii, SyAyqn ycTaHOBJieH 
Me>K^y rH^poTypSHHOH xi rH/jporenepaTopoM, ^aji 6 bi 
SoJibuiyK) cKopocTb spameHHH rHMporeHepaTopa npn 
Majioii cKopocTH BpaujeHHH raflpoxypSHHbi. 3th Hccjie- 
^oBaHHH yBennajiHCb onpe^ejieHHbm ycnexoM. Pha 
4)npM y>Ke HMeeT njiaHeTapHbie pe^yKTopbi c oqeHb 
BbicoKHM K.n.A. (Bbime 0,98) 3 KOTOpbie cnocoSHbi 
nepe^aBaxh 3 HaqHTeJibiibie mou^hocth npn hcSojiluiom 
noHH>KeHHH K.n.A. arperaTa. ripHAieHeime pe^yKTopoB 
no 3 BOJiHT pe3K0 coKpaTHTL pa3Mepbi THAporeHepaTopa, 
b CHJiy qero iiohbhtch vcjiobhh /jjih co3Aaimn 6 oJiee 
Mon^Hbix KancyjibHbix h nojiynpHMOTOHHbix rnnpo- 
arperaTos. 

Ba>KHoe 3 iiaqeHne hmciot h nonbiTKH co3AaTb pa3- 
jiHHHoro po^a mapHHpHbie nepe^ann, paGoTaiomne noA 
pa 3 HbiMH yrjiaMH h Moryn^ne nepe^aBaTb Bpau^enne ot 
ropH30HTajibHoro Bana rn^poTyp 6 HHbi k BaJiy rii^po- 
reHepaTopa, ycTaHOBJieHHOMy BepTHKajibHO hjih no^ 
^pyrHM yrnoM, h HaoSopoT. BHeApeHne TaKoro po^a 
nepe^an MO>Kex 3HaqHTejibHo coKpaTHTL 06 BeM cTpon- 
TejibHbix pa 6 oT. 


It should be noted that recently a number of 
foreign companies have studied the possibility of 
designing and constructing a reducer which would 
be installed between the turbine and the generator 
to afford a nigh speed of the generator at a low 
speed of the turbine.. These studies were a success. 
A number of companies have developed planetary- 
type speed reducers with very high efficiency (a- 
bove 0.98) which can transfer much power at a 
small drop of efficiency. The use of reducers will 
make it possible to cut down the dimensions of 
the units and to create the conditions to construct 
bulb units of a higher capacity. 

A number of companies are making attempts to 
develop various types of hinged gears working at dif¬ 
ferent angles and capable of transmitting rotation 
from the horizontal shaft of the turbine to the shaft 
of the generator installed vertically or at a different 
angle, and vice versa. Introduction of such a type of 
gears will make it possible to greatly reduce the amount 
of construction work. 


0PrAHH3ALJHfl MOHTAJKA POArPErATOB 

3 . ORGANIZATION OF HYDROPOWER UNIT 
INSTALLATION 


3-1, OPrAHH3AqHOHHO-THXHHMEC> 
KAJI IlOqrOTOBKA K MOIITA5KHBIM 
PAEOTAM 

A* OCHOBHME n0J105&EHHH 

TCpn COBpeMetIHOM ypOBHe pa3BHTHH CTpOHTeJIbHO" 
WbHTLi>KHoro npoH3BO,n;cTBa moHTa>K rn^poarperaTOB 

■ 1 ■■'■iv ex paccMaTpiiBaxb He Kan caMOCTOHTejibHbiH npo- 
Viaiiu^cTiscnuo-TexHOJiorHqecKHH npoijecc, a Ka k cocTaB- 
nyu) qact b CAHIlOrO, CBH3aHHOrO B 0praHH3aiJH0HH0M 
U + iCXHODK)n37iecifOM OTHOHieHHH CTp OHTe JIBHO-MOHTa>K- 

nnt'M L>Tana pafi.ox no coopy>KeHHio ruBpoaJieKTpocTaii- 
Uun, t 3Tan HaqHHaeTcn ynjiaAKOH SeTona b 6jiok 
r ; J ,ni OtcaebHKuomeaRt Tpy6bi h saKaHqHBaeTcn nycKOM 
rn/ipoaineraTO T3C. 

cSa®trtEQ^ BbinoJiHenue Bcero KOMnneKca CTpon- 
^ itiUO“^u>m i a>KHb£x pafiox no T3C, h b nepByio oqe- 
lln W9HTa>Ky ni^poarperaTOB kbk cymecTBeimoft 
rJTpni Kdflnutetiaa- bo miiofom saBHCHT 
iiKo yqreiibT TpefioBaHHH MOHxanca npH 
caM - 0 ^ 1 h ee ocHOBHoro ofiopy^o- 
l npn coeTaBJiemni npoeKTa npOH3BOACTBa 


3 1. PRE-INSTALLATION PROCEDURES 


A* BASIC PRINCIPLES 

At the present state of the art of construction and 
installation work, the installation of hydropower units 
should be considered not as a self-contained industrial 
process but as an integral part of the construction and 
installation activities at the hydroelectric project. This 
stage starts with the placement of concrete in the 
first draft tube and ends up with the commissioning 
of the last generating unit. 

Successful fulfilment of the entire complex of con¬ 
struction and installation work on the hydroelectric 
plant and, primarily, erection of hydropower units as 
an important element of this complex, greatly depends 
on the extent to which installation requirements are 
met in design of the hydroelectric plant proper and its 
major equipment, and in planning organization of 
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CT po«x paSox. no3xo«y Bonpocu 
Mofflam rnopoarperaTOB o6mhho P em * ^ 

paboxKe npoeKxa mmax* c ’ opy5Ke HHH 

cocxaBJiHiox napaJUieJitHO P koxodwx 

r^c IIpoeKXbi MOHxawa nwpoarperaxo , 
no^oSHO Kasano b § 3-2, oft™ paspabaxHiBaiox 

c ycxaHOBJieHHoii Momnocx^ bb^ 

40000-50000 kBx. JUih nwpocxaHHHH ^bbujch m m 
hocxh homoShbix npoeKXOB, nan npaBHJio, He 
BBHfly npocxoxbi oprammHHOHHbix h xexHOJiora 

peuKHHH. rHflpoarperaxoB Ha scex coopy- 

====== 

op™—, 

na crponreJibcrBax 1 n ro^- 

viacxKH B cocraue MOHiaKHoro yaacma 06 mm era 
'"epaaaKSHpoBaHBBxe npopataea 

OTflejiaHo ™ POT y P 5 «H, ^rrrr p«ri 

r a 3^~". r— <— 

” pSLo>>/ nw—™ 

—» <*— " 

Hbix pa 6 ox cneHHaHHSHpoBaHHbie MOHxa>KHbie opranH- 

p „fi„naTox Ha CBOH ynacxKH h npopaScxBa KBa- 
sauHH noff&Hpaiox Ha cb y oRecneHHBaiox hx 

BOTOTaTto. n P H are. tomeil aaenao 

ocBOBHBie aKcnJiyaiaimoHHWe xpaHM.^"^enytax 
jxonoJiHHxejiBHbie, ycxanaBJinBaeMbie na sxhx >k 
Ha nepnoff MOHxa>Ka rHApoarperaxoB. 

ZrHHecxBO paSonen chjibi, HeoftcoflHMOH 

===”=== 

==r=S5=S= 

HanpaBJineMbix Ha c p M ajioKBaJiH- 

HOS MOHTaacHoa °P r « K Btaem mux 

— » no»O^OKT— 

arperaTOB no 

OP—a* pasoa - 


construction activities. Problems of rational execution 

of installation, therefore, are usually ° U 

planning the installation operations on hydra 
which is done concurrently with design of the hy 
electric plant. Plans for the installation of hydraul 
units which are delt with in detail m Section - , 
usually prepared for hydroelectric plants with an instal¬ 
led capacity over 40,000 or 50,000 kW. As a rul 
such TannU is not done for hydroelectric plants 
of a lower capacity because of simplicity of orgam 
/ational and technological solutions. 

in the USSR, installation of hydropower units a 

ah hydroelectric plants under — on, «££ 
“agricultural” power plants, is carried out by spec 
zed installation organizations which establish « 
porting installation sections at the projects for these 
nurnoses. The installation section is composed of sp 
cialized installation units separately for turbine equip¬ 
ment, hydrogenerators, and auxiliary syse “ S Q 
scone of work on the hydroelectric plant 18 not arg * 
all these activities can be conducted by one msta a 10 
unit reporting to the nearest installation section. 

Specialized installation organizations employ ski e 
labourers and engineering personnel for their sec ion 
and units to fulfil the scheduled installation operation 
and to provide them with tools, devices, and som 

erection equipment. „ rr .vided by 

Heavy hoisting equipment is usually p 

the project administration, which has to e - 

in pLning the sequence of work 
most part, permanent service crane 
house and additional cranes mounted on the 
tracks for the installation period are used. 

The labour force required for installation opera, 
^including unskilled and low skilled labourers to 
bo provided by the project adnumstratto , ^ 

determined proceeding from the product, y •« 

oer worker. The ratio between the skiUed 

to the project by the specialized installation or 
tion and auxiliary labour force provided by^ P -- ^ 

administration to help the erectors during the 

tion period, should be 1:2. . or units 

The self-supporting instafiation sectio ^ ^ 

organized at the projects or m “ jnBtallatiAh 

construction is underway, carry ° agCee mmt 

of hydropower units under the su c GtVi( >n\ 

with the project administration which acts . ^ J 

Contractor. The amount of ^staUatior 
depends on deliveries of turbine an g 
ment from manufacturers. Tlus amount . ^ ni . 
increased by turning over to the ms— . ^ 

zations, erection of mechanical and crane 


MOHTa>Ky rH^poMexaim^iecKoro u KpaHOBoro oGopy^o- 
BaHHH b npe^ejiax 3AaHHH T3C, a HHor^a h b npe^e- 
Jiax Bcero rn^poTypSHHHoro BO^OTOKa ot BepxHero 
HH>KHero 6be4>a. 

Ecjih MOHTa>K rH^poarperaTOB, KpaHOB F3C, 3a- 
TBopoB 3 maHAopoB h Tpy6onpoBo,o;oB no s^aHnio T3C 
ii no BceMy rn^poTyp 6 nHHOMy BO/i;oTOKy ot BepxHero 
AO HH>KHero 6 i>e(J)a Be act oAHa opraHH3annn ? to opra- 
HH3 aAHOHHaH cTpyKTypa MOHTa>i<a 3HanHTejn>H0 ynpo- 
tqaeTCH. K TOMy >i<e noBbiinaeTCH KanecTBO MOHTanca 
3aTBopoB h maHAOpOB, nocKOJibKy k HeMy npnBJieKaiOT- 
ch HTP n pa 6 onne — cneAnajmcTbi no MOHTa>Ky rnApo- 
arperaTOB, a H 3 BecTH 0 , nTO KyjibTypa npon3Bo actb a y 
hhx 3HannTejibiio Bbiine, Hencenn y MOHTa>KHHKOB- 
MCTajuiHCTOB 5 Tan nan k MOHTa>Ky rnApoarperaTOB 
npeA'BHBJiniOTCH 6 ojiee BbicoKne Tpe 6 oBaHna b nacra 
Co 6 jIK>AeHHH AOnyCKOB Ha B03MO>KHbie OTKJIOHeHHH npn 
conpa>KeHHH A^raiien n y3JioB. 

ToHHbie 06 beMti pa 6 oT npn MOHTa>Ke rnApoarpe- 
raTOB b na>KAOM OTAejibHOM cnynae onpeAeJiaioTCH 
AoroBopoM Me>KAy CTponTejibCTBOM h MOHTa>KHon opra- 
HH3aAnen. 3 thm >Ke AoroBopoM n oco 6 bimh ycJiOBHHMH 
k HeMy, hbjihkjiahmhch ero HeoTbeAuieMon nacTbio, 
onpeAeJiaiOTCH B3aHMOOTHomeHna Me>KAy cneAnajiH3n- 
pOBaHHOH MOHTa>KHOH OpraHH3aAHeH H CTpOHTeJIbCTBOM. 

B Tex cjiynaax, KorAa npeAycMOTpeHo TexHnnecKoe 
np eACTaBHTeJib ctb o 3 aBO aob -H3roTOB HTeJien rnApoar- 
neraTOB, CTponTejibCTBo 3aKJiionaeT AoroBop c 3aB0- 
AaMH h o6ecnennBaeT CBoeBpeMeHHoe npncyTCTBHe Ha 
Moma>Ke npeACTaBHTejien 3aBOAOB. HpnGbiBinne Ha 
CTponTejibCTBo npeAcraBHTejiH 3aBOAOB ao^>khbi ocy- 
ti^ecTBjmrb o6iahh TexHHnecKnn HaA3op 3a MonrajKOM, 
ynaeTBOBaTb b onp 0 SosaHUH h ncnbiTaHHH cmohthpo- 
0£Hnoro o6opyAOBaHHH. IlpeACTaBHTejiH 3aB0A0B npn- 
humiuot Tan>Ke ynacrae b aKTHpoBaHHH BbiHBJieH- 
Hbix b npoAecce Momanca n HanaAKH Ae^ eR TOB o6opy- 
AtmaHHH h AaiOT peKOMeHAaAHH no nx ycTp aHeHHio, a 
b cjiyiiae hcoSxoahmocth Bbi3biBaiOT ajih ycrpaHeHHH 
^uBQACHtLx A^(J)eKTOB KBajiH(|)HAHpoBaHHbix cneAHa- 
c 3aBOAOB. He3aBHCHMO OT TOTO, npncyTCTByiOT 
py teg npeACTaBHTe jih 3aBOAa hjih HeT, moht3>k- 
hm opraHHsamiH AOJi>KHa np oh3b o ahtb Bee MOHTa>KHbie 
11 paSoTbi noA cbohm TexnnnecKHM pyno- 

C nojiHOH OTBeTCTBeHHOCTbK) 3 a HX KaneCTBO. 
lUjeACrasHTejm 3aB0Aa HMeioT npaBo AaBaTb yna3a- 
n ^ TpeSoBailHH aAMHHHCTp ai(HH MOH- 

iVn-cHoro ynaciKa b npeAejiax TexmroecKHX ycjioBHH 
'* HHCTpyKAHH 3aBOAOB-H3rOTOBHTeJien B 

MOlneHHH Up OB; 1BO A^TBa MOHTa>KHbIX h nycKO-Hajia- 
m 'titbjx pa0^T, 

'in 31 M0HTa>Klia>T opraiiH3an;HH no naKHM-jinfio 
iU1AY GTICJIOt nir TpeSoBaHHH npeACTaBHTejieH 3aBO- 
otbstctb eiiBOcrb 3 a nocjieACTBHH ototo 
! 1 1 11 1 u Una nojiHocxbio fiepeT Ha ce6n. 
u ** hT,lim ^cmm pa6oT oSycjiOBJiHBaioTCH npn- 
11 K ru> Ap>iAHOMy AoroBOpy rpa(J)HKOM, koto- 


within the powerhouse and sometimes within the entire 
water passage from head water to tail water. 

If one organization is responsible for the installa¬ 
tion of hydropower units, permanent service cranes, 
gates, stoplogs, pipework in the powerhouse and the 
entire water passages, the organizational structure of 
the installation operations is significantly simplified. 
Besides, quality of installation work on the gates and 
stoplogs improves because the engineering staff and 
labourers involved in these operations are specialists 
in the installation of hydraulic units and it is known 
that they are more competent as compared to the 
structural steel erectors since the installation of hydro- 
power units must meet more stringent tolerance requi¬ 
rements in assembling parts and components. 

In each particular case, the exact scope of installa¬ 
tion work on hydropower units is specified by the 
agreement between the project administration and the 
installation organization involved. This agreement and 
special conditions which are an integral part there of 
govern relations between the specialized organization 
and the project administration. 

If provision is made for technical representation 
of the manufacturers, the projects administration enters 
into agreement with the manufacturers and ensures 
the timely presence of manufacturers’ representatives 
on the site. The manufacturers’ representatives are 
responsible for general technical supervision of instal¬ 
lation operations. They have to participate in trial 
runs and tests of the erected and installed equipment. 
The manufacturers’ representatives also participate in 
recording defects detected in the course of installation 
and setting up the equipment to work and shall give 
recommendations for remedying such defects. In case 
of necessity, they can call in manufacturer’s specialists 
to rectify shop defects. Irrespective of the presence or 
absence of manufacturer’s representatives, the instal¬ 
lation organization must carry out all installation and 
adjustment operations under its own technical guidance 
with full responsibility for workmanship. The manufac¬ 
turer’s representatives are entitled to give instructions 
and make demands of the installation management 
in the context of the Technical Specifications for 
installation and Manufacturer’s manuals with regard 
to the execution of installation, adjustment and com¬ 
missioning activities. 

Should the installation organization decline manu¬ 
facturer’s claims because of some reasons, the entire 
responsibility for possible consequences of such action 
will be borne by this organization. 

Dates of work execution are specified by the sche¬ 
dule to be attached to the contract agreement. The 
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pblft COCraBJIHeTCH B COOXBeXCXBHH C flHpeKTHBHblM 
cpoKaMH BBOAa FBApoarperaxoB b 3KCnJiyaT ^“ TeJIb _ 

TTjIH BbinOJIHeHHH MOHTaHCHbIX pa OT p 
CTBO npeACTaBJiHer MOHxaHfflOH opraHHsapHB no A co6- 

Hyso paSoByro crniy b KOJimecxBe h b c P okh, o6ycjio B 

jKHHbie ocoSbiMH y cjiobhhmh, npHixaraeaiBiMH k Aoro- 

B ° P Eojibmoe sHaneffiie npn cobmccxhom h ocoSchho 
oAHOBpemeHHOM bca^bhh P a 6 ox cxponxeiiBHOH h moh- 
t Lhoh opraHHsaAHHMB meex Bonpoc o SeaonacHoexH 
nepco H ajia. Haflo oSecneHim, HeyKocHiixenbHoe bbihoji- 
H eHHe npaBHJi no xexnnKe 6e3onacH0Cxn npn npons- 

BOACXBe CXpOHXeJIBHblX H MOHXaJKHblX paoox. 

3-2. UPOEKTbl OPrAHH3AmiH H 
UPGitSBOflCTBA MOHTA3KA 
p m; iv OATPEr Al'OB 

Kan SbiJio cnasaHO Bbiine, MOHxancy rnAPoarperaxoB 
flojDKHa npefliueCTBOBaTt jraytaem. npopa6o™ Bo- 

npocoB ero oprammAHH. IIpopaSoxKy sxy cneAye 
HannHaxb y«e Ha cxaAnn npoeKxnpoBaHnn 3AaHHH 
“LhoJ o6opyflOBaHHB F 3 C, T.K 
opraHH 3 an;HH MOHxawa rnAPoarperaxoB A 
ZZJL* C OCHOBHBIW npO»TOM COOpy- 

>KeHHH, a xa K >Ke c npoeKxaMH nponsBOACXBa cxpon- 
“ Pa6ox h P a6ox, BbinonHneMbzx APY™ 

CnenHaJIH 3 HpOBaHHbIMH MOHXa>K H bIMH 

TaK npn Bbfflaw xexHiraecKoro saAaHHH Ha npoeKXH 
poBaHHe OGHOBHoro aneprexHHecKoro o6opyAOBaHHS eh*- 
oSxoahmo npeAycMaxpHBaxb naroxoB* sa:BOAaMH 

nocxaBiAHKaMH o6opyAOBaHHH cncHHaJibHoro HHc py 
Menxa h n P Hcnoco6jieHHH, h6o b coBpeMeHHbix ycno 
bhhx MOHxa>KHbie paSoxbi He M oryx h P oh 3 boaht*>chc 
noMombxo oahhx hhhib oSbXHHbix cxanflapxHbix hh- 

CTDVMCHTOB H npHCnOCodjieHHH. 

B npoeKTe opraHH3au,HH MOirra>Ka rHApoarperaTOB 
HeoSxoAHMO yHHXbiBaxb coBMemenne MOHxa>KHbix pa6ox 
CO CXpOHXejIbHbIMH H BblHOJXHeHHe M oHxa>Ka Kpyn- 
HbiMH SjiQKaMH. rjiaBHbiM (JxaKxopoM, onpeAejinioiAHM 
HeHecoo6pa3Hocxb xanoft opraHnsaAHH pa6ox, AOJinieii 
6bixb (jjaicxop BpeiweHH ycKoperoie cpona bboas 

oSbeKxa b 3KcnJiyaxaHHio. 

CnenHajiHCXbi, paspaSaxhiBaxomne npoeKXbi opra- 
HHsapHH MOHxawa, aojukhw npHHHMaxt ynacxHe h b 
cocxasJieHHH xexmraecKoro saAaHHH Ha npoeKxnpoBaHHe 
i-HAPoarperaxoB. IIocJieAHee o6cxoHxejn>cxBO hosbojihx 
06eCHeHHXb HpaBHJXBHBlH BBl6o P KOHCXpyKHHH c xohkh 
speHHH xexHOJiorHHHOCXH HX MOHxa>Ka, KpyniioSjioHHoe 
nsroxoBJieHHe oSopyAOBaiiiw Ha saBOAax h cosAaHHe 
BCXpOeHHbIX B KOHCXpyKHHIO yCXpOHCXB, H 03 B 0 JBHOUHIX 
npOHSBOAHXb SbICXpyK) expOHOBKy KaK OXAeJIbHbIX 
AexaneH, xan h KpynHbix ysJioB h 6jiokob. 

IIpoeKXbi opraHH 3 an;HH moi rra>i<a rHApoarp 
P a3 P a6axbiBaioTCH no TexannecKHM aaAaHHHM reaepa®- 
hbix npoeKXHpoBiAHKOB, npoeKXHpyxouxHx Becb 
Apoy 3 eji. 


schedule is drawn up in compliance with the targe 
dates set for putting the hydropower units on load. 

To carry out erection and installation operations, 
the project administration provides the installation 
organization with auxiliary labour power in strength 
and on the dates to be specified by the special conditions 
attached to the contract agreement. 

Concurrent and especially simultaneous operations 
of construction and installation organizations place 
greater emphasis on safety of personnel. Strict obser¬ 
vance of safety regulations must be ensured in execution 
of construction and installation work. 

3-2. PLANNING HYDROPOWER I ND 
INSTALLATION 

As has been stated above, the installation of hydrau¬ 
lic units shall be preceded by thorough studies of its 
organization. 

These studies should be started at the s ag 
design development for the powerhouse and its major 
equipment because the planning of hydropower unit 
installation has to be inherently tied in with the planning 
of construction work execution and operations to 
carried out by other specialized installation agencies. 
The technical assignment for design of major equip¬ 
ment shall call for fabrication of special tools a.. u 
accessories by the plant manufacturers because at 
present installation operations could not be conducted 
only with the aid of conventional tools and accessories. 

The planning of installation and erection sequence 
shall be done with due regard to concurring the insia 
lation and construction operation and erection :■ 

' large-size pre-assemblies. The time factor, i.e. cutting 
short the time needed to put the plant in opera 011 , 
should be the main criterion in determining tin- pi‘ ac 
ticability of such approach to the work execution. 
Specialists responsible for the planning o 103 
tion operations must also take part in working out the 
technical assignment for design of hydropower u - 
The latter will allow for a proper choice °* - 

construction from the stand-point of ease 0 '» 5 . ^ 

tion, large block fabrication in the shops an IT 
of built-in devices which help to attach sangs ^ 

rate parts, large-size components and astern cs^ 

Plans for execution of the installation wor^ 
hydropower units are developed basing on 
assignment to be prepared by the Gener 
responsible for design of the entire prqjccL JJ 

To make comprehensive study m t - daU , 

nization of installation operations, the follow 


^Tro6bi npopaSoTKa BonpocoB paijHOHajibHOH opra- 
HH3aqnn MOHTa>Ka riiflpoarperaTa 6biJia b cecTOp ohhch 3 
Heo 6 xoArao OAHOBpeivieHHo c TexHHMecKHM sa^aimeM 
Ha cocTaBJieiiHe npoeKTa opraHH3ai^HH MOHTama ra^po- 
arperaTOB noJiyHHTb ot reHepajibiioro npoeKTHpOBn^HKa 
cjieAyiomHe ncxoAHbie AaHHbie: a) ran 3^aHHH F3C; 
6) KOJiHnecTBO rHApoarperaTOB, ycTaHaBJiHBaeMbix Ha 
F3C ? hx ocnoBHbie aaHHbie h cpoKH nocTaBKH obopy- 
AOBaHHH C yKa3aHHeM OT^eJIbHO CpOKOB nOCTaBKH 
3ai<JiaAHbix HacxeH rHApoTypbmi; b) AHpeKTHBiibie 
cpoKH BBOAa raApoarperaTOB b 3KcnjiyaTaAHio; 
r) cpoKH 3 aTonjieriHH KOTJioBaHa 3AaHHH T3C h rpacJ)HK 
HapacTaHHH Hanopa; a) totobhoctl (J)yHAaMeHTOB noA 

MOHTaHC OTACHbHblX V3JI0B; e) rOTOBHOCTb MOHTa>KHOH 
nnomaAKH h noAKpaHOBbix nyTeii b 30He MOHTa>KHOH 
njioiAaAKH h Ka>KAoro H3 arperaTOB; jk) npeAnoJiarae- 
Mbie rpy3onoAT>eMHbie cpeACTBa h hx pacnojio>KeHHe 
KaK B 30He npOH3BOACTBa MOHTa>KHbIX pa 60 T, TaK H Ha 
6a3e CKJiaAHpOBaHHH oSopyAOBaHHH h hx xapaKTepn- 
cthkh; 3 ) npeAnojiaraeMaa TpaHcnopraan cxeMa noAanH 
obopyAOBaHHH ; h) npeAnojiaraeMan njion^aAb TeppHTo- 
pHH 6 a 3 bi CKJiaAHpOBaHHH oSopyAOBaHHH h ee pacno- 
jioH<eHHe Ha reHnjiaHe; k) npeAnonaraeMoe pacnojio- 
HceHHe Ha reHnjiaHe np0H3B0ACTBeHH0-x03HHCTBeHH0H 
6a3bi MOHTa>KHoro ynacraa (npopabcTBa). 

B 3 aBHCHM 0 cra ot obneMa MOHTanrabix pa6oT Ha 
F3C, onpeAeJineMoro kojibhcctbom, rabapHTaMH h 
M oiAHocTbio rHApoarperaTOB, npoeKTbi opraHH3an,HH 
MOHTanca rHApoarperaTOB pa3pa6aTbiBaioTCH jih6o b 
□AH ocTaAHHHOM, jih6o b AByxcTaAHHHOM BapnaHTe. 
Jhm T3C, HMeioiAHx He 6ojiee neTbipex arperaTOB 
mm MOtAHOCTbio He CBbime 100—120 Tbic. kBt 

MO>KHO OrpaHHHHTLCH OAHOCTaAHHHbIM IipoeKTOM, B 
ocTajibHbix >Ke cjiynanx npoeKTbi opraHH3au;HH moii- 
rHApoarperaTOB cneAyeT pa3pa6aTbiBaTb b abc 
CTajJHII. 

npH AByxcTaAHHHOM npoeKTHpo b aHHH CHanajia pas- 
paSaTbiBaeTCH npoeKTHoe 3aAaHHe, a nocjie ero yTBep>i<~ 
^enrm —- TexiinnecKHn npoeKT, npn o ahoct a ahhhom >i<e 
npoercmpoBaHHH pa 3 pa 6 aTbiBaeTCH tojibko oaho npoeKT¬ 
Hoe aaAaHHe, ho b hcckojibko pacuiHpeHHOM bhac. 
llpn OJpIOCTHAHHHOM npOeKTHpOB3HHH TCXHHHeCKOe 3a- 
AaHHe na npoeKrapoBaHHe pacniHpeHHoro npoeKraoro 
na/CyiHHH AOJI>KIIO BblAaBaTbCH reHnpOeKTHpOBmHKOM 

i rocjte yrBepmA-HHH npoeKraoro 3aAaHHH i-ia Bee coopy- 
>Keiine F3C ITpoeKraoe 3aAaHHe opraiiH3aiinH MOHTa>Ka 
HiApoarperaTOB aoji>kho pa3pa6aTbisaTbCH napaJiJiejiBHO 
c pa^paCioTNOii reHepajibHbiM npoeKrapOBiAHKOM Tex- 
i*uHectcGL 4 o hjih TexHO-paOonero npoeKTa coopy>KeHHH 
i > a5oxbi no npoeKraoMy 3aAaiiHio opraHH3au,HH 
^GUTiDica niApoarperaTOB aoji^khbi onepe>KaTb paSoTbi 
I YJltipn^KTupOHlAHKOB C TCM, HToObl B TeXHHHeCKOM 
rc coopy >Keiina: mo>kho 6biJio ynecTb Bee Bonpocbi, 
tKmiireca mbHraata, BKjnonan h 3aTpaTbi Ha Bpe- 
ncEn n4e c^opy>Kcmm. 

coBMecTHan pa3pa6oraa npoeKT- 
:i: iJuirupT OpraHnaaiiriH MOHTa>Ka rHApoarperaxoB 
'-^nvTTiccKoro npoeKTa scero coopy>KennH T3C ObiJia 


should be secured from the General Designer simulta¬ 
neously with the technical assignment for planning 
the execution of installation work: 

a) type of power house; 

b) number of generating units to be installed, their 
basic parameters, timing of equipment supply with 
indication of dates for delivery of turbine embedded 
parts; 

c) target dates for commissioning the units; 

d) dates set for flooding the powerhouse pit and the 
head build-up schedule; 

e) readiness of foundations for installation of sepa¬ 
rate components; 

f) readiness of the erection bay and crane tracks 
within the erection bay and within zones of each 
generating unit; 

g) expected hoisting facilities and their disposition 
within installation zones and at the equipment storage, 
their characteristics; 

h) expected transport schemes for equipment con¬ 
veyance ; 

i) expected area of the equipment storage and its 
location on the general layout; 

j) expected location of service facilities for the 
installation section (unit). 

Depending on the scope of installation work on 
the hydroelectric plant which stems from the number, 
size and capacity of the hydropower units, single- or 
two-stage approach is applied to the planning of instal¬ 
lation operations. If a hydroelectric plant has maximum 
four generating units with an aggregate capacity not 
exceeding 100,000 to 120,000 kW, one stage approach 
is feasible. In all other cases the plans for organization 
of installation work should be developed on a two- 
stage basis. 

In case of two-stage planning, initially the design 
assignment is worked out and, upon its approval, 
the technical design has to be developed. In single- 
stage planning only the design assignment is worked 
out but in a somewhat detailed form. In single-stage 
planning the technical assignment for developing the 
detailed design assignment must be issued by the 
General Designer on approval of the design assignment 
for all features of the hydroelectric plant. Work on the 
design assignment for planning the hydropower unit 
installation should be carried on ahead of the General 
Designer’s work to cover all installation-related pro¬ 
blems, including the cost of temporary facilities, in 
the technical design of the project. 

To make the joint development of the design assign¬ 
ment for planning the hydropower unit installation 
and the technical design for all features of the project 
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H a H6 ojiee nxo A oTBO P HOH, H eo6xo A nMO ox A aiBHbie npo- 

H3BO A HXh H BfeI A aBaXI> I«i F nnOeKTHOTO 33flaHHH 

He oHCHflaa totobhocth Bcero npoeKTHoro^M^ 

=r=^ = 

""ZTTcrt o pas»epa X H komhohobkc 
3aKJiafl -pop o KOMnOHOBKC h npH- 

o— no 

" 0, Cnuy™3»eTim,no bbhot -bctoB ape-iainooixcH 

“=r^==” H B T 

0™™—, Be B ce neTajiH npeacvoamero ««- 
•twta nfflpoarperaTOB y«aercn yieCTB B 
mohho cooraB— ^oene 

cxponxejibHbix pa60T Haraswex 
^xnejibHbie ocHOBHbie nojio>KeHHa no nx opraHnsannn. 

3xo npHBOffnx k xomy, nxo npoenx opraHnsapnn moh- 
Ta>Ka npnxoffHTCH noflnac A opa6axbiBaTb na mecxe 
CTpcniTenbCTBa npHMeHHxeJibHO k ycn^- 

B cjiynanx A Byxcxa A nBHoro npoeKxnpoBamw xex 
HnnecKoraa^anne na paapaSoxKy npoeKxnoro 3a A aHHH 
onrarnmnnH Monxawa rn A poarperaxoB A oji>kho Bbi A a 
BaxbCH B npopecce npopa6oxKH npoeKxnoro 3a A aHnn 
P B n ocjxe A HeM 6bura 

™S2TpefSoBaHHH MOHTaJKa, b 'laciHOcm, BKaioneBB. 
^ saTpaTB,, Heo6xoflHMBie „a bpsmshhwc coopy- 

>kcith/b e rI p„ oBHooianiiSHom npoeKTH- 

BOB* nepB 0 OT ep«HB,e BonpocB,, „a«Heo, 
LmaKa npopa6aTUBaioT 'iacx»™, He oHcman okoh- 
” B „, npoeKTHoro aapaiuiu opram.aaujra moh- 

p ^' ,HaiM TaKoa ™ ct “™ 
npopa6oTKH «e„no nepejaatoTcfl reBnpoenB- 

P ° B to Toro K3K npoeKTHOe BaaaHHe Ha op™"*” 

srre p T—^o P _, 

TbiBaTbCH napajiJiejitHO c ti T o6bi 

oaSonnw npoeKXOM Bcero coopy>KeHHH T3C, nxo6 
Tlo Sbxno ynecxb b neM Bce xpeSoBannH, cb** 
c MOHxancoM rn A poarperaxoB, „ Horna H e 

Hjih MHoroarperaxHbix Kpynnbix T3C nnor A a ne 
yAOBJiexBopnxoxcn A By M n onHcaiinbBxn^ime^xafl™ 
npoeKxnpoBaHHH MOHxa>Ka rn A poarper , _ 

,.„ TO MOHT a>KHOH opraHH3a A nn n 3a ee cn P 
paSaxbiBaiox P a6onnn npoenx npoH3BO A cx B av pa 6ox 

(nn B P L A o, cxa A nn npoeKxnpoBaHHH flOJDKHbl 6bIXb 
npopaSoraHbi onpeAencHHbie Bonpocbi. np<*™^ 
A anne A on>KHO BKnionaxb b ce6n A anHbie Q W 
B03Be A eHHH H KOMHOHOBKe 3 A aHHH T3C, o cpona.- 


more efficient, studies related to the planning instal 
lation operations should be carried out and submitt 
to the General Designer by parts without waiting for 
the completion of the entire design assignment for 
planning the installation operations. Such studies to 
be submitted in succession, should include mformatio 
on selection of alternative installation P rocedureS J° r 
embedded parts of turbines, dimensions and toyo 
of the assembly bay, arrangement and locat 
sites for equipment storage, construction P^’ ^ 
facilities for the installation section of hydropow 

U1U K should be noted that because of abnormal situa¬ 
tions which are rather frequent in the 
when development of technical design experiencess 
delay, some peculiarities of the forthcoming installaUon 
could not be evaluated beforehand in the pla 
installation work execution. This situation is also aggra¬ 
vated by the fact that the project administration often 
changes'some basic principles of the original plan 
for organization of installation operations. This causes 

the plans of installation operations to be adjusted 
the job proceeding from the local conditions. 

In case of two-stage approach to the design, 
technical assignment for development of the design 
assignment for planning the installation work sho 
be prepared in the course of development of the design 
assignment for the construction of the bydioe^ 
plant to satisfy the installation requirements, in pan 
cular, to cover the cost of temporary facilities. 

Similar to the one-stage designing, priorities reh 
ted to installation are worked out by parts wit o 
waiting for the completion of the design assignnK ^ 
2 planning the installation operations. Resnlts ^ 
those partial studies are turned over to t e e . 

06 UpTn consideration and approva, of the design 

assighment for planning the hydropowerumtima^ 

tion, the General Designer issues the techmca y 
ment for developing the technical design for o, gam« 
tion of installation operations. This design a 
developed in parallel with the technical design or ^ 
nical-working design for the entire 
to satisfy all requirements related to the i 

° f r Towage planning of 
installation is sometimes not adequate for ni J 
large-size hydroelectric plants and a ^ or ‘ „ ensc 
sequence plan is developed on request and at th, e. I 
of the installation organization. s h6m 

At each stage of design, certain pro 
be worked out. The design assignment shou 


BBo,n;a rHApoarperaxoB b 3KcnjiyaTau;mo, o npHBH3Ke 
k reHnjiaHy TpaHcnopTHOH cxeMbi h cxeMbi pacnono- 
>kchhh rpy3ono,n;beMHbix NiexaHH3M0B c yKa3aHHeM hx 
rpysono^ beMHOcTH, o 6a3ax oSopy^OBamiH, o iioctohh- 
hbix h BpemeHHbix cSopo^Hbix njiom;a^iKax^ a TaKH<e o 
6a3ax MOHTa>KHOH opraHH3ai^HH c ynasaHneM pa3MepOB 
ii c npHBH3KOH hx k reHiuiaHy. 

B npoeKTHOM 3 a^aHHH aoji>KHbi 6biTb c^ejiai-ibi 
Tan>Ke npopaSoTKH OTAejibHbix BapnaHTOB MOHTa>Ka c 
noMombio CTpoHTejibHbix no a beMHbix cpeMCTB h ^aHbi 
pacneTbi TpeSyeMoro KpaHOBoro o6opy,moBaHHH 3 ero 
pacnoJio>KeHHH Ha 6a3ax h Ha cSopoHHbix njioii^a^Rax, 
b nacTHOCTH, js ,jih MOHTa>Ka saKJia^Hbix nacTeii h Jiona- 
tohhbix MexaHH3M0B HanpaBjiHiomHx annapaTOB rn^po- 
Typ6nHbI. 

Kpoivie Toro, b npoeKTHOM 3a^aHHH ^onHceH 6biTb 
AiaH opHeiiTHpOBo^HbiH KajieH/i.apHbiH rpac})HK MOHTa>Ka 
rnflpoarperaTOB npn npHHHTOH HHTeHCHBHOCTH BBO^a 
hx b 3KcnjiyaTan;HK). 

BKJiioHeHHbie b npoeKraoe aa^anne npHHi^Hnnajib- 
Hbie pemeHHH OTHOCHTejibHo 6a3 oGopyAOBaHHH h 
MOHTa>KHbIX 6a3 AOJI>KHbI 6bITb, no CyTH RCJia, TeXHH- 
necKHM sa^aHneM a jih reHnpoeKTHpoBiu,HKa npn pa3- 
pa6oTKe hm npoeKTOB sthx 6a3. XtaHHbie npoeKTHoro 
3aAaHHH no MOHTa>i<y rHApoarperaTOB AOJi>KHbi no3BO- 
jiHTb rei-mpoeKTHpoBiAHKy npeAycMOTperb b CMeTe 
noKpbiTHe Bcex 3aTpaT, CBH3aiiHbix c opraiiHaaiAieH 
MOHTanca rHApoarperaTOB. 

TexHHnecKHH npoeKT opraHH3au;HH MOHTa>Ka thapo- 
arpcnrroB AO-^>i<eii 6a3npoBaxbCH Ha corjiacoBaHHOM 
BUpiaaiiTe komhohobkh 3R2lwh T3C, Ha yTBep>KAeHHOH 
CXGne CTpOHTeJIbHO-MOHTa>KHbIX pa 60 T H Ha npHHHTOH 
KOHCrpVKiAiK THApoarperaTa. TexHHHecKHH npoeKT 
AOJHk^h BKjnonaTb b ce6n: ycraHOBJieHHe nocjieAOBa- 
TCJibBooTB SeTOHHpoBaHHH Sjiokob KpaTepa arperaTa; 
paapaGoTKy mctoahkh MOHTa>i<a 3aKJiaAHbix nacTen h 
paf5o*mx Mexami3xMOB rHApoarperaTa; yTOHiieHiibm no- 
jVCTAOK npHMCHeHHH HO A T>eMH0-TpaHCI lOpTHBIX cpeACTB 
ii Apyrnx bhaob MexaHH3M0B c ynasaHneM hx xapaKTe- 
piiCTHK; a up ene JieHHe CTeneHH yKpynHeHHH OTAejibHbix 
V®PB a Stiokob; Bbi6op Heo6xoAHMbix npncnoco6jieiiHH 
u Apyrnx moHra>Kiibix ycTponcTB, pacnojionceHHe yKpyn- 
acmiJvix ysAOB Ha cSopoHHbix njiomaAKax h ycTaHOB- 
Jieime npneMOB AOCTaBKH y3JiOB rHApoarperaTa Ha 
MoiiTtomyio HJicmaAKy. 

Kpo.we Toro, k TexminecKOMy npoeKTy opraHH3ai^HH 
no i ni/r p oarperaTOH aojijkhbi 6biTb npHJionceHbi 

11 i'U;aipRbdi rpa^HK MOHTama rHApoarperaTOB, rpa- 
ABti>KerTHHTEOTpc0HbS pa6oHeH chjibi h Bce pacneTbi 
- ^ ; [vnibux, boahhbix h 3jieKTpiiHecKHx ceTen C nOA" 
WOAlcod KOJUieKTOpOT* K paOOHIIM MeCTaM. 

1 aounniT QpoeK J' i ipoH3Bt>ACTBa MOHTanca rHApoarpe- 
■ JiHven HKAionaTh b ce6n A^TajibHO pa3pa6oTaH- 
texHu.iHirmo MoiiTama, B HeM AOJinara 6biTb npe- 
OiiiiaeTKa ajih paAHOHajibHoro BQRQmm 
■ U[^ncunco6AeHHH it cneimajibiibie bhai>i 

,^mioro HHcrpyivieurm, npHMeHHavioro KaK rjik 
Tlll( ® -WTO KQHTpo jih KaqecTBa pa6oT. 


information about construction procedure and arran¬ 
gement of the powerhouse, dates for commissioning 
hydropower units, tie-up of conveyance scheme and 
hoisting mechanisms with indication of lifting capaci¬ 
ties to the general layout, equipment storages, temporary 
and permanent assembly floors with indication of their 
sizes and their location on the general layout. 

The design assignment should also include studies 
into separate alternative installation procedures with 
employment of construction hoisting mechanisms, esti¬ 
mates of the crane equipment, its disposition at the 
yards and at assembly floors especially for erection of 
the turbine embedded parts and wicket gate mecha¬ 
nisms. 

Besides, the design assignment should also include 
a preliminary schedule for installation of hydropower 
units basing on the timing adopted for putting the 
units into operation. 

Principal criteria specified by the design assignment 
for the storage and erection facilities should serve as a 
technical assignment for designing these facilities. The 
data included in the design assignment for organiza¬ 
tion of installation operations will permit the General 
Designer to cover by the cost estimate all expenses 
related to the organization of hydropower unit instal¬ 
lation. 

The technical plan for organization of installation 
work should be based on the agreed alternative layout 
of the powerhouse. The technical plan for organization 
of installation work shall include the procedure of 
grouting the unit pit in concrete, development of 
methods for the erection of embedded parts, operating 
mechanisms of the unit, finalized procedure for using 
the crane equipment and other types of machinery 
with indication of their performances, extent to which 
separate components are to be pre-assembled, selection 
of the required accessories and other erection devices, 
arrangement of pre-assembled components in the assem¬ 
bly area, determination of methods for conveyance of 
the unit components to the assembly floor. 

Besides, the installation schedule of hydropower 
units, manpower flow schedule and calculation of 
power and water supply networks with outlets at the 
working places shall be attached to the technical plan 
for organization of installation work. 

The working design for planning the sequence of 
installation operations shall include a detailed develop¬ 
ment of methods for erection and installation operati¬ 
ons. It has to provide the required erection equipment 
for rational execution of work including the accessories 
and special tools to be used both in installation and in 
workmanship control. 
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3 - 3 . BbIBOP TEXHOJIOriWECKHX 

CXEM MOHTAJKA 

T —“ “ " -S’ 1 -- 

BeCbMa paSJHMHMMH. „„eMbIX npHHHTOft 

cxeMoS 

Hbix Y3J10B arperaTOB, F T , pnyHeM 6 b ecbe, pa3- 

HapacTaHHeM ropH30HTa bobb ^ H ajiHHHeM Tex hjih 
mepaMH c6opo<mux n:ioma,teii, B c00 6- 

““ ^ 

—»»■—-p— 

mae Ha BbiSop cxeMbi 4> a P ^ cxeMy mo h- 

HaHSoJiee papHOHaabHyio Te ™° ^ K oHKpeTHbiM ycJio- 
T a>Ka npHiweHHTeJiBHO k ffaHH 

bhhm. ™^TvaacreiinoBopoTHO-JionacT- 

npHMOHTaHceaaKnaflHbixHacTeHH^ w 

Hbix THAPOTypSHH M0 *™ H K0HCT pyKHHH rHApoTypSH- 
xoAa cTpoHxeJibHbix p t npH kotopoh 

HSX hh6o TaKyio nocncwiBa^B^ ^ 
BHanajie MOHTupyioT cxaxop ^ n0CJie . 

— c-P 

6HHbI - oa r xqxjkH SpeHHH MOHTaHCHbIX 

Bo „oLpc=axa — 

ruflpoarperaTa h »aa<e JionaioM- 
Bee 3aKJiaA mmH x annapaTOB rHAP 0T yP' 

— fsexaHH3Mti coteBe „„o 

6hh, ayateaaTP P V ym „ ci , HcnomaoBaia 

arperaTOB. Saar BP ' maHBopoB»ra3arpa>K- 

- pa —rr *BO caeBaHO «a HecHoaaKHX 
pae- yaaerc pesKo yt—> 
r^* U P nnriMTa^ca h k cawon/iy HanpH 

pacTHHyxocxb 4>P 0H __ opoTy MO HTawa pa 6 o- 

- -CB060A H Xb 3Ha_ 

P a6ox BbXAep- 

® sry ^ ” ” P f 

cTynaioT cneAyKW™ 0 P a arperaT0 B b cmokhwx 

"rr lK ^.hhoh B = (a y —: 

"“^rr^—aJOTO Ha Hecxo hbh 
M ecxo y^ 0B a Hanp aBJiHiomei'o annapaxa, hjih 

«° M0HTa>K ^ 3aBHCHT OX KOHCTpyKAHH THAPOXyp- 
BOCJie Hero, KOHCTpyKAHHX HaHHHaTb MOHTaHL 

6 hhbi. npH oahhx kohc PY obkh paSonero 

HanpaBJiaiomero —'* ’— 
rra^r—''B-HCO.HpaxBHa- 


3-3. SELECTION OF INSTALLATION 
PROCEDURES 

The installation procedures can vary in a great 
measure. The choice of the procedure depends on a 
number of conditions governed by the procedure adop- 
rt construction activities, dates of dchvety of 
separate uni, parts, dates scheduied for flood,ng ,h 
pit, upstream head level build-up, size of the assentb V 
area, availability of hoisting equipment, and ofte 
factors. Therefore, in each particular case, all 
controlling the choice of installation P““ d “ re *°" 
be analysed to select the most rational installatio 
procedures with due regard to the specific oondttions. 

Depending ondh. progress of construction opera¬ 
tions and design of the turbine, installation of t 
Kaplan turbine embedments can follow ether he 
^ueuce under which the stay ring wii. be firs, instaM 
and then the runner case or a reverse sequence w 
the runner ease to be installed first and then the stay 

"” 8 ln any case, from the stand-point of installation 
it is always more economical to install first a em e 
ded parts of a hydropower uni. and even the gu.de 
I' mechanisms of wiche, gams and after .ha, to 
start installation of the unit proper. Th,s pernuts 
wicket gates to be used instead of stoplogs to seal oi, 
the water passage, as has been done at some hydro¬ 
pic developments. Such a scheme of work execution 
ma es it possible to reduce the front of instafiatio. 
activities and to re,ease a considerab.e number I* 
erectors by the time the most labour intensive phas 
cPe work begins, i.e„ by the moment of ins,a,la,ma 

of the unit working parts. 

If the construction operations don't allow the a 
scheme to be implemented, the following steps, « 
undertaken: during ins.alia.ion of the workmg pa| 
on the firs, units, the embedded parts are erecti- 
the next units in the adjacent pits. 

Under any installation procedure, the rnnn^ 
to be assembled at the assembly floor and e 
runner assembly (the adjustable-blade 
filled with oil) is handled by the crane .nt» p^ 

a' rvn tbp design of the turbine, the . 1 
Depending on the design o installation 

placed in its final position either before 
of wicket gates or after that. Some designs 
don’t permit the wicket gates to e erec 11 

lation of the runner. Other designs dont tto^W 
assembling the wicket gates until the runner 


npaBJiHiomnH annapaT, nona pa6o^ee KOJieco He onyiqeHO 
b npaTep. HHor^a HaripaBJiniomnH annapaT mojkct 
6biTb non™ noJiHOCTbio coSpaH Ha cSopohhoh njiomaAKe 
h b Tai<0M BHAe nepeHeceH n ycraHOBjieH Ha nocroHH- 


Hoe Mecro. 

IlocJie Toro KaK paSonee KOJieco raApOTypSHHbi 
onyn^eHO b npaTep, npH jiioSoh cxeMe MOHTa>Ka HaAO 
ycTaHOBHTb Ban rHApoxypSiinbi. Ilpn stom y noBopoTHO- 
jionacTHbix rHApoTypSmi npeABapHTenbHO ycTaHaBJiH- 
BaioT niTaHry pa 6 onero nojieca. ]J[eHTpHpoBaHne sajia 
pa 6 onero nojieca peKOMeuiAyexcn npOH3Bo ahtl nocne 
yCTaHOBKH Ha MeCTO KpblUIKH FHApOTyP 6 hHBI, KOTOpyK) 
jiynme Bcero npeABapnxejibHO co 6 paTB Ha cGopohhoh 
nnomaAKe, ecjin 9 to no 3 BOJiHeT KOHCTpyKAHH. Kphimny 
rnAP 0 Typ 6 HHbi Ha cSopohhoh nnomaAKe cneAyeT co- 
6 paxb noJiHOCTbioT.e. ycxaHOBHTb Ha Hee KJianaHbi 
cpbisa BaKyyma, perynupyiomee kojibao, caMOBcacBi- 
BaioiAHH Hacoc h cepBOMOTopbi nanpaBJiHioiAero anna- 
paxa, earn nocneAHHe pacnojiaraiOTCH Ha Hen. 

Ecjih MOHTHpyeTCH rHApoarperaT c onopon nHTbi Ha 
KpBiuiKe, to nocne yCTaHOBKH Ha MeCTO kpbiuikh 
rHApoTypSHHbi ycTaHaB jihb aioT onopy nHTbi, noAnHT- 
hhk h Ban THAporeHepaTopa- JIo yCTaHOBKH BaJia 
THAporeHepaTopa Ha noAnHTHHK Ban rHApoxypSHHBi 
AeHTpHpyiOT no CTpyHaM hjih tohhomy paMOHHOAiy 
ypoBHio. Ecjih nee noAnnTHHK pacnojiaraeTCH Ha hh>k- 
nen KpecTOBHHe rHAporeHepaxopa, to Baji rHAporeHe- 
paropa y CTaHaB jihb aioT cooTBeTCTBeHHo nocjie ycTa- 
KOBKM KpeCTOBHHBI C noAnHTHHKOM. 

B rHAporeHepaTopax noABecHoro Tnna, b kotopbix 
pacnojiaraeTCH Ha BepxHen KpecTOBHHe, 
Ba/i onycKaiOT BMecTe c poTopoM THAporeHepaTopa Ha 
Topwo3a ; a 3aTeM yCTaHaBJiHBaiOT BepxHiOK) KpecTOBHHy 
BMeexe c no ahhthhkom. Potop no ab eniHBaiOT Ha noA- 
naxHiiK nocjie hoahhthh ero Ha TopM03ax h yCTaHOBKH 
B r ryjiKH noAnnxHHKa h ee 3anopHoro koJ itna. Potop b 
C ojibiimiiCTBe cjiynaeB co6npaiOT noJiHOCTbio Ha c6o- 
njioiu(aAKe h b co6paHHOM bhac nepeHocHT Ha 
MCCTO CBOeii nOCTOHHHOH yCTaHOBKH. IJeHTpHpOBaHHe 
BOJia ucHepaxopa mohcct npOH3Bo ahtbch jih6o nocne 
onycK&HiiH poTopa, jih6o ao ero onyci<aHHH. IlocjieA- 
aiv'iaii npxiMemiM tojibko k reHepaTopaM 30 hthh- 
Koro ncnojinenriH. 


Bai^KOi^ H 1 130JIHpOBKOH oSmOTKH MO>I<HO .npOH3BOAHT 
■bioo na Meexe ero nocTOHHHOH yCTaHOBKH, jih6o h 
ruionjaAKe. B nocjieAHeM cjiyuae ajih nepe 
■■bckb npyrmoraSapHTiiBix CTaTopoB Tpe6yeTCH cnenr 
Tp^Bepca. B 3aBH cirjvto cth ot mccthbix ycjioBH 
1 enepaxopa mo>kho MOHTHpOBaTB KaK ac 
b nocne ony f cKaHim paSonero KOJieca. OAHaKO b 
- ^ k iyT|.^ rx exax’op MOHTHpOBaTB ao onyc 

11H poxppa ? t3k Kate ycxanoBKa craTopa nocjie onyc 
^ P |1, iop;.i ycjio>KKHer h yAJiHHneT MOHTa>K. Xot 
: -s na c6opoqnoM njiorimin^e h o6jiaAa< 
BpeHAiymcc'rB (yAO^CTBO paSox, 3aiAHTa 30H] 


in the pit. Sometimes, the wicket gates can be assembled 
almost completely at the erection bay and then handled 
in their final position. 

Under any installation procedure, after the runner 
has been lowered in the pit, the shaft has to be installed. 
On adjustable-blade turbines, the runner operating 
rod should be mounted beforehand. The runner should 
be centered after the head cover is installed in place, 
which, if the construction of the head-cover allows, 
should be pre-assembled at the assembly floor. The 
headcover should be fully assembled at the assembly 
floor completely, i.e. the vacuum breakers, operating 
ring, self-priming pump, gate servomotors must be 
installed on it provided they are meant to be mounted 
thereon. 

If the hydraulic unit has a pivot support on the 
headcover, it must be mounted together with the 
thrust bearing and generator shaft once the headcover 
is installed in place. Prior to mounting the generator 
shaft on the thrust bearing, the turbine shaft is aligned 
against piano wires or a bench level. If the thrust bear¬ 
ing is carried by the lower generator bracket, the gene¬ 
rator shaft is installed after.the installation of the 
bracket and the thrust bearing. 

On suspension-type generators in which the thrust 
bearing is carried by the upper bracket, the shaft is 
lowered jointly with the rotor onto the brakes. Then 
the upper bracket together with the thrust bearing is 
installed in place. The rotor is suspended from the 
thrust bearing after jacking it up on the brakes and 
fitting on the thrust collar and its retaining ring. In 
most cases, the rotor is completely assembled at the 
assembly floor and the rotor assembly is handled into 
position. The generator shaft can be centered either 
after lowering the rotor in place or before it. The latter 
alternative is applicable only to umbrella-type gene¬ 
rators. 

Assembly of the stator including the placing, solder¬ 
ing and insulation of the winding can be conducted 
either in situ in the generator pit or at the assembly 
floor. In the latter case, a special lifting beam is required 
to handle large-size stators. Depending on local condi¬ 
tions, the stator can be erected both prior to and after 
lowering the runner. Under all conditions, however, 
the stator must be erected prior to lowering the rotor 
because installation of the stator after lowering the 
rotor in place would complicate and prolong the 
installation operations. Though assemblage of the 
stator at the assembly floor has some advantages (ease 
of work, protection against precipitation, etc.) it requi- 
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pa6oT ot axMOc4>epHbix ocaflKOB h t -0-)> h0 Tpe6yex 
flonojiHHxejibHbix cSopoTObix njiomafleft. I^eiixpupoBaxt 
cxaxop jiynuie flo onycKaHHH poxopa no cxpyHe, no 
Bany rnnporeHepaxopa hjih c noMombio cnennajibHoro 
npncnocoSjieHHH, ycxaHaBJiHBaeMoro Ha 4>JiaHpe Bana 
rnflpoxypSnHbi. BbicoxHoe nono>KeHne cxaxopa onpe- 
flejwiox, cooGpaayncb c 4>aKXHHecKHMH JiHHenHbiMH 
pa3MepaMH conpnraeMbix y3JioB. 

Cyinny o 6 moxok cxaxopa h poxopa mcokho npoH3- 
BOflHXB jih 6 o b HenoflBHWHOM cocxohhhh (ox nocxo- 
poHHero ncxoHHHKa xoKa), jih 6 o Ha oSopoxax (b penouvie 

KOpOXKOrO 3aMbIK3HHH) HJIH BeHXHJIHUHOHHbIMH HOXe- 

pHMH Ha xojiocxom xo,ny. nepBbiii cnocofi npefliionxii- 
xejibHee, xan nan no3BOJinex 3a6jiaroBpeMeHHO BbiHBHXb 
Bee Ae4>eKXbi oSmoxok h HsSaBJiaex ox HeoSxoflHMoexH 
xpaxHXb bpcmh Ha cyinny oSmoxok nocne nocxanoBKH 
reHepaxopa Ha ofiopoxw. 

CnapHBaHHe BanoB rHflpoarperaxa mo>kho nponsBO- 
AHXb nan ao, TaK h nocne onycnaHKH poxopa. nepBbiii 
MexoA npHMeHHM xojibko k rnnpoarperaxaM c reHepa 
TopaMH 30HXHHHoro xnna. Bajibi xypSHHbi h renepa- 
xopa nepen hx cnapHBaHHeM aojdkhm 6hxb cneuxpHpo- 
BaHbi, a y reHepaxopHoro Bana, Kpome xoro, flonnceH 
6bixb BbiBepeH Soft oxHOcnxejibHO onopHOH nacxn 
BxyjiKH noHnHXHHKa. 

n P H H3JIHHHH SOJILHIHX 3a30p0B MOKfly paSoHHM 
KOJiecoM H ero KaMepoft BbiBepny Shchhh Bana, Bbisbi- 
saeMoro HenepnetwHKyJiHpHocrwo BxynKH noAiiHXHHKa, 
MO>KHO npoHSBOflHXb h nocne cnapHBaHHH BaJIOB 
THApoxypSHHbi h rHAporenepaxopa. n P H sxom oaho- 
BpeMeHHO npoBepniox naJiHHHe h BeiiHHHHy nsnoMa 
bo 4>naHAeBOM coeAKiieHHH BanoB. Ilocjie cnapHBaHHH 
BanoB h 3aKJHonHxejibHOH npoBepKH nei-rrpHpoBaHHH 
Bcero rHAPoarperaxa npncxynaiox k oKOHnaxenbiion 
cSopne noAHHXHHKa h noAUiHHHHKOB rHApoxypSHHbi H 
rHAporeHepaxopa, a xaKHte k oKOHnaxejibHOMy MOHxancy 
KpecxoBHH rHAporenepaxopa, MarHHXHOH cncxeMbi, 
MacjionpHeMHHKa h Bcex xpyfionpoBOAOB rHApoa 
rperaTa. 

K MOHxamy peryjwxopa h MacjioHanopHoii ycxaHOBKH 
rHApoxyp 0 HHbi mojkho npncxynaxb, He tokhash okoh- 
naHHH Apyrnx pafiox, cpasy nee nocne OKonnaHHH (JjyHAa- 
MeHTOB noA 6ai< c kotjiom h KonoHKy perynaxopa. 
OKaHHHBaexcH MOHxanc Been cncxeMbi perynnpoBaHHH 
oSbinHO enyexn 3—5 AHeH nocne OKOHnairan MOHxan<a 
rHApoxypSnnbi, MacnonpneMHHKa h Bcex xpySonpoBO 
AOB cncxeMbi perynnpoBaHHH. 

KonmeciBO napannenbHo MOHxnpyeMbix niApoarpe- 
raxoB onpeAennexcn 3aAaHHOH hhxchchbhocxbio moh- 
xan<a, hhcjiom rpyaonoA^eMHbix MexarasMOB h ra6a- 
pHxaMH cSoponHbix rniomaAeii. npn axoM cneAyex 
yHHXblBaXB, HXO XpyAOeMKOCXB c6opKH OAHOHMeHHbIX 

ysnoB THApoarperaxoB, HMeiomHX oahh h xe nee rafia- 
pnxbi, ho pasnHHHbie Koncxpy kuhh , Moncex pe3KO oxnn- 
naxBCH APyr ox Apyra. 


res additional assembly areas. The stator should be 
centered against a piano wire with respect to the 
generator shaft or with the aid of a special device to 
be mounted on the turbine shaft flange prior to lower¬ 
ing the rotor in place. The elevation of the stator is 
determined from actual linear dimensions of the com¬ 
ponents to be joined. 

The stator and rotor windings can be dried out 
either at standstill (from an external current source) 
or on a dry-out run (by short-circuit current) or by 

windage losses at no-load run. 

The first method is more preferable because it 
permits all coil defects to be detected beforehand and 
saves from necessity to spend time on drying out the 
winding after the generator is started. 

The unit shafts may be coupled prior to or after 
lowering the rotor in place. The first method is appli¬ 
cable only to hydraulic units with umbrella-type gene¬ 
rators. Prior to coupling, the turbine and generator 
shafts must be aligned, the generator shaft must also 
be checked for runout with respect to the support 

element of the thrust collar. 

If there are big gaps between the runner and the 
runner case, the shaft runout caused by the out-of¬ 
plumb of the thrust collar can be checked after coupling 
the turbine and generator shafts. At the same time 
check is made for axial runout of the shaft coupling 
and its magnitude. After coupling the shafts and 
checking the entire hydropower unit for final align¬ 
ment, the thrust bearing, turbine and generator bearings 
are assembled and the generator brackets, magnetic 
system, oil header and all pipework of the units are 
finally installed. 

Installation of the speed governor and oil pressure 
system can be started without waiting for completion 
of other operations, right away after completion of 
the foundations for the accumulator tank and actuator 
cabinet. The entire governing system is usually eom- 
pleted 3—5 days after completion of installation of Hie 
turbine, oil header and all piping of the governing 
system. 

The number of units being instalieu at a 
depends on the planned intensity of installation ope¬ 
rations, available crane equipment and dimension* l 
assembly areas. One should bear in mmd that < 

labour intensity on installation of the like pa j 

hydropower units having the same dimensions bu J 
different design, may vary considerably from tm 
unit. 


3-4. rPAOHKH MOHTA>KA 
TH^POArPEr ATOB 


3-4. SCHEDULING OF HYDROPOWER 
UNIT INSTALLATION 


Ilpn pa3pa6oTKe npoeicra nponsBOACTBa MOHTa>Ka 
rnApoarperaTOB, KOTOpan, Kan y>Ke 6biJio cKa3aH0 b 
§ 3—2, npoH3BO£HTCH napajuiejiBHo c pa3pa6oTKon 
npoeKTa npoH3BO£CTBa cTpoirrejiBHbix pafioT no T3C , 
COCTaBJIHIOT OCHOBHOH Tpa(f)HK COBMeiIi;eHHbIX CTpOH- 
TeJIbHblX H MOIITa>KHLIX pafiOT no FH#p03neKTp0CTaHIJHH. 
B ocHOBy rpa(f>HKa 3aKJia^biBaioT ^npeKTHBHbie yna- 
3aHHH npaBHTejibCTBa no BBO^y rn^poarperaTOB b 
SK cnjiyaTai^Hio. Hcxo^h H3 3Toro rpa4)m<a ? pa3pa6a- 
TbiBaiOT b ^ajiBHenuieM paSonne rpa4)HKH 5 ynnTbiBaio- 
mne KOHKpeTHbie ycJioBnn npon3BO,oiCTBa pa6oT. BnoJi- 
He noHHTHO, nxo b stom ochobhom, HanajiBHOM rpacJjnKe 
,UOJi>KHbi 6 bitb 3ajio>KeHbi HeKOTOpbie pe3epBbi ^jih bch- 
Koro po^a flonojiHHTejiBHbix Tpy,n;oBbix 3axpaT ? KOTopbie 
MoryT B03HHKHyTB b npouecce nponaBo^cTBa pa6oT. 

Pa6onne rpatJ)HKH MOHTa>Ka rnApoarperaTOB n cbh- 
3 aHHbix c hum CTp oht ejiBHbix pa6oT 5 COCTaBJineMbie 
MOHTnpyioineH opraiinsaunen cobmcctho co CTponTejiB- 
hoh 3 oxoSpancaiOT ocHOBHbie 3Tanbi MOHTa>Ka n oTanbi 
cTponTeJiBHbix pa6oT 3 o6ecnennBaiOLune bbor rn^po- 
arperaTOB b ^encTBne b ^npeKTHBHbie eponn. PaSonnn 
rpa(|)nK 5 yTBep>K^eHHbin pyKOBo^HTejiHAin CTponxejiB- 
cTBa n MOHTnpyiomen opraHH3aii,HH, HBJinexcH, no 
cyru RQJI2L, 3aK0H0M npOHSBOACXBa. 

Ha 6a3e 3Toro coBMecxHoro rpac})HKa MOHxnpyiomaH 
opraHH^an^H cocxaBJinex 6ojiee AeTajiBHBin rpa(J)HK 
Moitxa/Ka rn^poarperaxoB, noxopbin oxsaTbiBaeT uhkjibi 
MOH xa>Ka Bcex y3JT0B rn^poarperaxa, c pa36nBKon Ha 
MecHTTb]; ACKa^bi n cyTKH. CocTaBJieHne rpa(J)HKa xpe- 
6yer rjiyoOKon npopa6oxKH xannx BonpocoB, nan 
raSapnxbi c6opouHbix njionaaAen, Bbi6op rpysonoA T>eM- 
hhx Mcxarm3MOB, BbiSop xexHOJiomnecKHX CXeM MOH- 
xa>Ra p Rp. Bee 3 th Bonpocbi ^;oji>KHbi pemaTbcn b 
utumolr B3SHMHOIJ yBH3Ke nan no ocHOBHOMy BapnaHTy, 
Wtin no pe3epBHOMy 5 eejin xanon npopaSaxbiBaeTCH. 

ncxo^HbiMH ^aHHbiMn npn npopaSoxKe 3XHX 
HBjinexcH sa^aHHan HHxeHCHBHocxB MOHTa>i<a 
M UBOjj;a e OKcnjxyaxaumo MOHrapyeMbix rn^poarpera- 
toe-. tloftiHMo 3Toro ? k HanSojiee cymecxBeHHbiM aan- 
8$ Koxopbix SaanpyeTCH rpa<|)HK MOHxa>Ka rn^po- 
'O'peraTOBj (vmocaxcH aaHHbie o ^nnxe jibho cth c6opKH 


Hoctu MOBTama khk 3xnx, xaK n Bcex apyrnx y3JioB k 
npOHEiiom-iMoro HenocpeACTBeHHO b Kpaxepe 

Beeh ohkji Monxa>Ka Ka>Kn;oro rn^poarperaxa cocxom 
Ll ' ^ oTopBamibix oahh ox Apyroro 3TanoB. Ha 
>xai ie .^oumpyiox aaicjiaimtie nacxn rnApo- 
IE;| nxopOM—coSeraeHHO caMbin raApoarperaT. 
uiV paapBiBi;i mAy 3Tinvm axanaMn b KancAOM 
* i,110<M ^aUHCHT ox npITHHTOfr cxeMbi npoH3- 

1,! 1 1 rpoHTa-iLiibix pa Rot h KoneforexcH b aobojibho 

MOHxa>K 3aKJiaAHbix 


Alongside with planning of installation operations 
which, as is said in Section 3-2, should be done con¬ 
currently with the planning of construction operations 
at the hydroelectric development, a master schedule 
must be prepared for concurrent installation and 
construction operations. This schedule should be based 
on the governmental directives for commissioning of 
hydropower units. Proceeding from this schedule, 
working schedules are then drawn up which take into 
consideration specific conditions of work execution. 
It is quite clear that the master schedule should have 
some reserve to meet additional labour requirements 
that may arise in the course of work execution. 

The working schedules for the installation of hydro- 
power units and related construction activities, which 
are drawn up jointly by installation and construction 
organizations, reflect the main phases of installation 
and construction activities ensuring achievement of 
the time targets set for the commissioning of hydraulic 
units. The working schedule approved by the project 
management and installation organization becomes the 
law for work execution. 

The joint schedule serves as a basis for the develop¬ 
ment of a more detailed installation schedule which 
covers erection cycles of all the unit components with 
monthly, 10-day and 24-hour breakdown. Preparation 
of the schedule necessitates studying thoroughly such 
questions as dimensions of assembly floors, selection 
of hoisting equipment, choice of installation proce¬ 
dures, etc. All these matters must be fully coordinated 
both for the principal alternative and for a standby 
alternative, if such is contemplated. Study of these 
questions must be made basing on the specified rates 
of installation and commissioning dates set for the 
hydropower units. In addition, the time required for 
assembly of separate components at the erection bay 
and the time required to install both these and other 
components and parts in the pit are most essential 
factors to be taken into consideration in scheduling. 

The entire installation cycle of each unit consists 
of two isolated phases. During the first phase, the em¬ 
bedments are to be installed, the second phase is devo¬ 
ted to the installation of hydropower units proper. 
The time interval between those two phases depends 
in each particular case on the adopted construction 
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uacTen raApoarperaTa b coBpeMeHHbix ycjiOBHnx b 
noAaBJiHio^eM 6ojn>innHCTBe cjiynaeB TexHOJiornnecKH 
coBMemaeTCH co crpoHTejibHbiMH pa6oTaMH, npaKTH- 
tjecKH He yAJiHHHH HX cpoKa, TO HHKJIOBMM BpeMeHeM 
Monranca raApoarperaTa cJieAyeT cnmaTb, no cyra 
Aejia, jihuil BpeiviH, 3 aTpaniiBaeMoe Ha BbinojiHeHne 
MOHTancHbix onepaAHH, npoH3BOAHMbix HenocpeACT- 
BeHHO b KpaTepe raApoarperaTa. Pa3yMeeTCH, hto pa3- 
Mepbi cSopoHHbix nnomaACH b 3tom cjiynae Aon>KHbi 
no3BOJiHTb co3AaHne HeobxoAHMoro onepencaioxAero 3a- 
Aejia Ha c6opKe yKpynHeHHbix y3JiOB h 6jiokob fhapo 
arperaTa. 

H3 CKa3aHHoro CJieAyeT, hto rjiaBHbim t|)aKTopoM, 
OnpeflejIHIOmHM pHTM MOHTa>KH, HBJIHeTCH BpeMH, Heo6- 
xoflHMoe jvm Tex hhkjiobbix onepaqHH no c6opKe h 
MOHT a>Ky ochobhbix y3JiOB arperaTa, KOTopBie Bbinoji- 
hhiotch Ha cSoponHbix n:ioina;i,i<ax h rjiaBHbiM o6pa30M 
HenocpeACTBeHHO b KpaTepe raApoarperaTa. 

Ha puc. 25 npHBe«eH oflrni H3 BapnaHTOB rpa$m<a 
noTOHHoro MOffraiKa MHoroarperaTHoft 13C, ooopyA°~ 


procedure and varies within rather a wide range. As 
the installation of embedded parts is combined at 
present with construction operations without affecting 
their dates, the time spent on installation operations 
in the pit proper should be regarded as the cycle time of 
installation. It goes without saying that in this case 
the area of the assembly floor must be adequate to 
set up a stock of pre-assembled unit components and 
parts. 

From this it follows that the main factor governing 
the rythm of installation is the time needed for those 
“incycle” assembly and installation operations of main 
components of the unit which are executed at the 
assembly floor and, primarily, in the pit. 

Fig. 25 shows one of the alternative schedules for 
in-line installation at a multi-unit hydroelectric project 
to be equipped with large-size hydropower units consist- 
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Phc. 25. CxeMa KajicHflapHoro rpadniKA no-* 
TOHHoro MOHTa>Ka KpynHbix ra, 4 po*rpemW 
I — coopi<a paGonero tconeca Ha 
K e; //—MOHTa>K CTaTopa reHcpaTOpa;.^/ W ■ 
poTopa reaepaxopa i.a I f§f§i| 

IV — MOHTaJKHbie paSoTbl B Kpttxcpc 

V — c 6 op K a KPMIIIKH iyp6HHW ~ 

KOJIblfOM H onOpOH riOflnHTHHKa, VI . - 

paSoaero Koneca; VII — onyCKamie 
oKOHHaHHe MoHxajKa rnAP 4 WP#** : * 

Harpy3KH 

Fig. 25. Schedule of in-line installation o| 
large hydropower units: 

1 — assembly of runner 1 c , ]lC . rJ , ( or 

sembly of generator stator; m *■„.if; 

.rotor at assembly floor; B- ring antf 

V — assembly of headcover « 'erhis: ' " 

thrust bearing support; VI — runiiv. ; I13 ;allarwn:■ 

rotor lowering; VIII— 0 OnipWton 0* umt msja 
jX —application of load 


BaHHon KpynHbiMH rnApoarperaTaMH, coctohiahmh H3 
noBopoTHo-jionacTHbix THApoTyp6HH c AnaMerpoM pa- 
6ohhx KOJiec 9000 mm n donee h raiAporeHepaTopoB 
30HTHHHoro THna c poTOpaMH AnaMeTpoM okojio 14000 mm 
h Maccon nopHAKa 750 t. IIIhxtob aHHbiH o6oa poTopa 
C0Aep>KHT npHMepHO 15000 cerMeHTOB. MoHTanc 3a- 
KjiaAHbix nacTen b 3tom rpacJmKe He paccMaTpHBaeTCH, 
nocKOJibKy cHHTaeTcn, hto Bee 3aKJiaAHbie nacra cmoh- 
THpoBaHbi 3apaHee. 

Kan bhaho H 3 rpa(J)HKa, ahh odecneueHnn noTon- 
Horo MOHTa>Ka, paccnnTaHHoro Ha bboa b SKcnjiyara- 
AHio OAHoro raApoarperaTa nepea Ka>KAbie 20 KaneH- 
AapHbix AHeii, hco6xoahmo, htoObi Ha cdoponHofi 
njion^aAKe OAHOBpeMeHHo codpajiH padoune KOJieca 
AByx THApoTypOnH n poTopbi AByx raAporenepaTopoB ? 
a TaKHce OAHy KpbiniKy raApoTypOnHbi c peryjinpyio- 
iahm kojxbaom, onopofi noAnHTHHKa h no ahhthhkom . 
npeAyCMaTpHB aeT ch s hto cOopKy KpynHbix Ojiokob Ha 
cOopohhoh njiomaAKe AOJi>KHbi BbinojiHHTb cnenHajra- 
3 npoBaHHbie OpnraABi. J\jir cOopra paSonnx KOJiec 
raAp OTyp 6hh opraHH 3 yK)T ABe OpnraAbi no 16 nen. 
b Hanlon, paOoTaion^He b ABe cMeHbi (no 8 nen.). 
SaKonnHB cOopny nepBoro paOonero KOJieca, ycTaHOBKy 
ero b KpaTep arperaTa, AeHTpnpoBaHne n 3 aKpenjreHne 
Ha noABecnax, nepsan OpnraAa b nojiHOM cocTaBe 
nepexoAHT k cOopne Ha ocBoSoAnBuiencn njiomaAKe 
pa 6 onero KOJieca arperaTa JNe 3 . IIoAroTOBKa nee A^Ta- 
nen Ann cOopKH paOonero KOJieca arperaTa JV» 3 npon 3 - 
boahtch cpa 3 y nocjie onycKaHHH nepBoro paSonero 
KOJieca b KpaTep, ahh nero H 3 stoh OpnraAbi BbiAejimox 
^acTii paSoTHHKOB, KOTopbie He 3 aHHTbi Ha paOoTax b 
KpaTepe arperaTa. AHajionnrao nponcxoAHT nepexoA 
BTopon OpnraAbi nocne cOopKH pa 6 onero KOJieca arpe- 
rara M 2 Ha c 6 opi<y paOonero KOJieca arperaTa JSTe 4. 

cOopKH poTopoB raAporeHepaTOpoB Tannce 
KOMnjreKiyiOT ABe OpnraAbi. B cocTaBe Ka>KAon H 3 
3tmk opiiraA no 33 neji. PaSoTa bcaotch b Tpn CMeHbi; 
Tajnm oflpa^OM, b Ka>KAOH paOoTaeT no 11 nen. IlepexoA 
SpnraA k cOopne onepeAHoro poTopa h noAroTOBKa 
AC'rajien cOopKH cjieAyiou^ero 3a hhm poTopa npon3- 
b.oahtCa Tai< >Ke, KaK n npn cSopne paOonnx KOJiec 
tTiApoTypoEn-i, 

rUJiR MOHTa>Ka CTaTopoB THAporeHepaTopoB kom- 
[ MCKryu:vr oahv OpnraAy H3 14 neji. BpnraAa paOoTaeT 
® Ci ^ eHliT no 7 nen. b Ka>KAOH. HacTb OpnraAbi 
OTcomiaHHH paOoTbi no nepBomy cTaTopy, 
^Pcxoaht na MOHTa>K BToporo craTopa, TaK KaK OKpac- 
'foil, cyuiicoji H nenbmantot CTaTopa 33 hhto HesnauH- 
' ® Hoe l,IIejI ° pabouHx. B paccMaTpHBaeMOM enynae 
' t,ll P difiaiOT, cyinar h HcntiTbiBaiOT Ha MecTe ero 

'loCTdffiFIHOft yCTUHOBKH. 

^ 1 “ 1 1 v ucex KpBiiucK rHflpoTypdHH c peryjmpyio- 

KOijhna.Mii ii ouopaMH noflnHTHHKOB H cSopny 
npoiroBOAiiT oflHa cneqHajiHSHpo- 
S n ' Gp,D ' a ' ,a Ha 14 TOH<e B HBe CMeHbi, nan h 

*™ UKe OTaropoE rumporeHepaTopoB. 


ing of adjustable-blade turbines with runners 900U mm 
in diameter and larger still, and umbrella-type hydro- 
generators with rotors about 14000 mm in diameter 
weighing about 750 t. The stacked rotor rim is built 
up of about 15000 segments. This schedule does not 
cover the installation of embedded parts because it is 
assumed that all embedments have been already 
erected. 

As is seen from the schedule, maintaining the in-line 
installation to commission hydropower units at 20 
calendar day intervals will require simultaneous as¬ 
sembly of two runners, two rotors, one headcover 
with the operating ring, thrust bearing support, and 
thrust bearing at the assembly floor. It is assumed that 
pre-assembly of large components at the assembly 
floor should be conducted by specialized crews. For 
the assembly of runners, two 16-man crews are esta¬ 
blished to work on a two shift basis (8 men per shift). 
Having completed assembly of the first runner, its 
installation in the pit, alignment and fastening to the 
hangers, the first crew in full strength begins assembling 
runner of unit 3 at the vacated assembly floor. Prepa¬ 
ration of parts for assembly of runner 3 is started right 
away after lowering the first runner in the pit. To 
meet this end, some crewmen who are not involved 
in operations in the pit are detached from the crew. 
In the same way, the second crew starts assemblying 
the 4th runner after completion of runner 2, 

Two crews are also established for assembling the 
generator rotors. Each crew should be 33 men strong. 
Operations are conducted on a three-shift basis (11 
men per shift). 

A crew passes on to assembly of the next rotor and 
to preparation of the rotor to come after in the same 
way as in the case of assembling the runners. 

A 14-man crew is set up to assemble the stators. 
The crew works on a two-shift basis (7 men per shift). 
Without waiting for completion of work on the first 
stator, a part of the crew starts assembling the 2nd 
stator because painting, drying and testing of the stator 
will require few labourers. Under the alternative in 
question, the stator is assembled, dried out, and tested 
in its final position. 

Assembly of all the headcovers with operating 
rings, thrust bearing supports, and all the thrust bear¬ 
ings is conducted by a 14-man specialized crew working 
on a two-shift basis similar to the crew engaged in 
assembly of stators. 
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MoHTa>KHbie paSoTLi HenocpeflCTBeHHO b KpaTepe 
rHflpoarperaTa BeflyT T3K>Ke cneiAiaJiH3HpoBaHHhie 6pn- 
raflw — ot.icjtlho no I’HjipoTVponnaAi, no rupporeiiepa- 
TopaM n peryjiHTopaM CKopocTH. Kan bhaho H3 rpa- 
(Jiiii-ca, Bnanajie Ha MOHTa>Ke ruflpoTypSnH 3aHHTa ojina 
Spnraaa, a nepea 55 KajienAapnbix fliien koahhcctbo 
6pnraA aoxoaht ao Tpex, Tan nan k 3T0My speMeHH 
napanJienbHO BeAeTCH Moma® ynce Tpex rHApoarpera- 
tob npn AByxcMeHHon pa6oTe b Ka>KAOH SpnraAe. 
^IncjieHHOCTb Ka>KAoft 6pnraAM— 16 nen. AHanornn- 
Hbie 6pnraAbi KOMnneKTyiOT c t3khm >Ke HHCJieiiHbiM 
cocTaBOM h a:i>i MOHTaiKa rHAporeHepaTopoB, 3a hckjiio- 
neHHeM cTaxopoB, KOTopwe, nan 6 bijio OTMeneno, moh- 
THpyioTCH DTAeJibHOH 6 P HraAOH Goiiee ysKoft cnemia- 
HH3aAHH. 

MOHTa>Ka cncreMbi perynnpoBaHHH co:vuiiotc>i 
ABe ciienHaJinai-ipoBainibie 6piira;i,i>i no 10 nen., npn- 
neM Ka>i<Aan GpnraAa pa6oTaex b abc cmchbi — ho 5 nen. 
KpoMe xoro, KOMnneKTyioTca ABe caMOCTOHTejibHbie 

KOMnjieKCHbie SpnraAbi TpySonpoBOA^KOB, BKjnonaa 
pe 3 AHKa h cBapmHKa. Opua H3 hhx pafioxaer Ha nerabix 
HOMepax rHApoarperaTOB, a Apyran — Ha Henerabix. 

B KaJKAoii TaKOit 6pnraAe aojbkiio 6bitb He MeHee 16— 
18 nen., HTo6bi b CMeHy paSoxajio He MeHee 8 nen. 
Echh no TpySonpoBOAaM o6x>eM pa6oT bbixoaht 3a 
npeACHbi nocTaBKH saBOAOB, to KOJinnecTBO 6pnraA 
TpySonpOBOABHKOB AOa’/KHO 6bITb COOTBeTCTBeHHO yse- 
jinneHO. 

Kan bhaho h 3 npHBeAeHHoro rpaijjHKa, nepBbrn 
rnApoarperax MOH-cex BCxynHTb b SKCiiJiyaTamno nepes 
75 KajieHAapiibix hjih t iepe3 63 paSonnx A t1 h nocjie 
onycKaHHH paSonero KOJieca ruApoTypSHHbi b npaTep 
THApoarperaTa. KaH<At™ nocJieAyiomHH rnApoarperaT 
6yAex BCTynaxb b cxpon nepes 20 KajieHAapHbix Alien. 
Bcero b Tenein-ie roAa, cm-rraH c MOMeHxa onycKaHHH 
pa6onero KOJieca b npaxep nepBoro arperaTa, mojkct 
6biTb BBeAeHO b 3 KcnjiyaTaHHio 15 rnApoarperaxoB, a 
HiecTHaAAaTbiH 6yAeT aaKOHneH moht3>kom . BnojiHe 
noHHTHO, HTO BbinojiiieHHe TaKoro rpa(J)HKa bo3mo>kho 
JIHUI b npH PHTMHHHOM npeA0CT3BJieHHH CTpOHTeJlbCTBOM 
cooTBeTCTByioiAHX (|>yHAaMeHTOB noA moht3>k, npn 
AOCTaTOHHOM KOJIHHeCTBe KpaHOBoro o6opyAOB3HHH H 
cSopoHHbix nnomaAen, o6ecnennBaiomHX B03M0>KH0CTb 
3aAena co6paHHbix yKpynHeHHbix y3JioB, h npn najin- 
HHH ApYlTIX yCJIOBHH, O KOTOpbIX CK333H0 B npeAblAy - 
mnx naparpaijiax iiacxoHineii r.aaiibi. 

EExo Kacaexca co3AaHHH 3aAeJia Ha coopne yKpyn¬ 
HeHHbix y3H0B Ha coopo'iHbix nJiomaAKax, to sto ycno- 
BHe npe3BbinaHHO Ba>KHo, Tan KaK TpyAoeMKocTb coopKii 
OAHOHMeHHbix y3JioB He A-i>i Bcex n-iApoai'peraxoB, 
ycxanaBJinBaeMbix Ha oahoh h toh ®e T3C, OAHHa- 
KOBa. Pa3JIHHHe B TpyAOeMKOCTH no OAHOHMeHHbIM 
y3JiaM oSycjiOBJiHBaeTCH Hii,'UiBHAya:H)in>iM hjih mcjiko- 
cepHHHbiM xapaKTepoM npoH3BOACTBa rHAPoarperaTOB. 
IIpH TaKOM np0H3B0ACTBe OAHOHMeHHbie ACX3JIH H 
ysjibi CMOKHbix rHAPoarperaTOB naroTOBJinioT He no 


Installation operations in the pit proper are also 
carried out by specialized crews — separately for tur¬ 
bines, generators and speed governor systems. As is 
seen from the schedule, initially one crew is involved 
in the erection of the turbine, but in 55 calendar days 
the number of crews increases up to three because 
by this time three hydropower units are being erected 
and installed, each crew working on a two-shift basis. 
Each crew is 16 men strong. Similar crews of the 
same strength are established for installation of the 
hydropower units except for the stators which, as has 
been already noted, are erected by a separate crew 
specialized in particular jobs. 

Two specialized 10-man crews are organized for 
the erection of the governing system. Each crew opera¬ 
tes on a two-shift basis (5 men per shift). Besides, 
two complex crews of pipefitters including a cutter 
and a welder, are established. One of the crews works 
on the even-numbered units, the other is engaged on 
the odd-numbered units. Each crew should be minimum 
16 —18 men strong to have at least 8 men per shift. 

If the manufacturers don’t supply pipework, the 
number of pipefitter’s crews should be increased 
respectively. 

As is seen from the schedule, the first unit can be 
commissioned on 75 calendar days or on 63 working 
days after lowering the runner in the pit. Each nexi 
hydropower unit will be commissioned on 20 calendar 
days. In all, during a year counting from the time of 
lowering the first runner in the pit, 15 hydropowei 
units can be put on load and the 16th unit will be j 
installed. It stands to reason that fulfilment of such a 
schedule is feasible at the rythmic release of respective 
foundations for installation, an adequate number of 
cranes and adequate assembly areas which enable I 
stock of pre-assemblies to be set up and provided 
other conditions mentioned in the above sub-sections 
are satisfied. 

As regards setting up a stock of pre-assembhes ^ 
the assembly floor, it is a very important prei-cq waste 
because labour intensity on the like parts may vary 
on the units being installed at the same project. This 
variation in labour intensity on the like componei - 
stems from individual and job lot production of kyd I 
power units. At such production, identical pans 
components for the adjacent units are imirmhn:ii" 
without employment of jigs and templates 1 J 
ensure uniformity of respective dimensions wi 


KOHnyKTopaM h KajinfipaM, o6ecneuHBaioiqnM b npe- 
nejiax nonycKOB paBeHCTBO cooTBeTCTByionmx pa3Me- 
poB, a no pa3MeTKe n 3aMepaM y hub epca jibhbim HHCTpy- 
MeHTOM, KOTopiuin Ha 6ojn>uiHx pa3Mepax naeT aobojilho 
3HauHTejiE>HBie norpemiiocTH, BCJie/jcTBHe nero non- 
roHKa OAHOHMeHHbix conpnraeMbix ACTajieH h y3JiOB 
CMe>KHbix rHApoarperaTOB npH Monxa>Ke TpeGyex pa3- 
jihuhbix xpynoBbix 3axpaT. IIoaxoMy yexoHUHBoexH 
pHXMa MOHXa>Ka HeoSxOAHMO, UX 06 bI nOCXOHHHO HMCJICH 
HeKOXoptiH sa^eji co6pariHbix y3JioB, b nepByio oue- 
p ejih Hanfiojiee xpynoeMKHx. 

IIpHBeACHHan Ha pnc. 25 cxeMa KaneHAapHoro rpa- 
(j)HKa noTOHHoro MOHxanca KpynHbix rnApoarperaxoB 
Ha MHoroarperaxHbix T3C Mo>Kex 6bixb b BinojiHHMa 
xojibko jihihb b xom cjiyuae, KorAa MOHxa>KHBie h expon- 
xejiBHBie paSoxbi BeAyxcn phxmhhho h b nojiHofi 
B3aHMOyBH3Ke. 


accepted tolerances, but by marking out the workpieces 
and by measuring with a universal measuring device 
which is rather inaccurate on large sizes and a result 
of it labour intensity on fitting up of identical parts 
to be mated varies at the adjacent units. Maintaining 
a steady rythm of installation operations, therefore, 
requires that some stock of assembled components, 
especially those most labour-consuming, be always 
available. 

A schematic schedule for in-line installation of 
large-size units at multi-unit projects given on Fig. 25 
will be feasible only if installation and construction 
operations are conducted rythmically and in full 
coordination. 


. MOHTAJK rHAPOTYPEHH 

4 * INSTALLATION OF HYDRAULIC TURBINES 


4-1. nOftTOTOBHTEJIbHME PABOTM 


4-1. PRE-INSTALLATION OPERATIONS 


YcneuiHOMy MOHxa>i<y rnApoarperaxoB, b uacxHocxn, 
niApoTypGHir aojdkhbi npeAiuecxBOBaxB Sojitume no 
o6%my h BecBMa Ba>KHBie noAroxoBHxejiBHBie pafioxbi. 

npe>KAe ueM npHexynHXB k bB ino jihchhio pafiox 
no ochobhbim MOHxa>KHBiM onepaAHHM, Koxopbie o6yc- 
noBimmoictL npoeKTOM xypfinHBi, xexHuuecKHMH ycno- 
BinxMii Ha MOHxanc, npoenxoM opraHH3aAHH MOHTanca, 
HllCTpyr<AHHMH 3aBOAOB-H3rOXOBHXeJieH H APyrHMH xex- 
umeCKmm AOKyMeHxaMH, hco6xoahmo BBinojiHHXB cjie- 
AyioiMee: 


1 . HH>KeHCpirO~XeXHHHeCKHe pafioXHHKH MOHXa>KHO- 
ro y'lacxKa h SpHraAnpbi aoji>khbi noApoSno 03HaK0- 
mThcn c uepxe>KaMH rHApoxypdnHBi, a xaM, rAe y3JiBi 
TypfiiTHBi conpnraioxcH c y3JiaMH rHAporeHepaxopa, — 
n c conpnraeMBix y3JiOB rHAporeHepa- 

TO(X|, 


+ J h Beca HaHOojiee KpynHBix h xn>KejiBis 

H iie-iajicil Ka>KABiH mDKeHepHo-TexHHuecKHK 
ir o pin'a ahd aojihchbi 3 anHcaxt b cboio 3 annc- 
,VUl MlIi)KK y onepaxHBHoro nojn> 30 BaHHH. B sxy 

^eieokkv pCKOMeHnyex ch aanncaxh HeofixoAHMBie 
M 0 HTa?KHbie QTMeTKH AJIH yexaHOBKH y 3 JIOB THAPO- 

wperata. 

^ 0CJJC xiepxenceH rHApoxypfiHHBi Heo6- 

03 liaK 0 Mm'BCH c OCHOBHBIMH nOJIOHCCHHHMH 

p\ # KTa n P 0H£)lf ^GTBa MonraH<a rnApoarperaxoB. Tanne 
KdK J5bI ^°P rpy 30 nc>ABeMHBIX MexaHH 3 M 0 B H 
'TfOiqaAefi, cjieAyex paccMoxpexb fiojiee 

Lnn0CT£UQ ^ B A^Himre npoeKxa c HaxypHBiM 
3T0 ^ oco'oo xiAaxejibHo cjieAyex 

T Un ‘ H[X lJtiVU ’^<nO.CTB. p*3mW$mSL Ha cfiopOHHBIX 


Successfull installation of hydropower units, and 
turbines in particular, should be preceded by extensive 
and rather important preparatory work. 

Prior to starting the main installation operations 
which are specified by the turbine design, technical 
requirements, plan for organization of installation 
work, manufacturer’s manuals and other technical 
documentation, the following should be brought 
about: 

1. Engineering personnel of the installation section 
and foremen should get acquainted thoroughly with 
turbine drawings and with drawings of the hydrogene¬ 
rator components to be joined with the turbine equip¬ 
ment. 

2. Each engineer, technician and foreman should 
write down in his notebook overall sizes and masses 
of the largest and heaviest parts for quick reference. 
This notebook should contain also required installa¬ 
tion elevations for mounting the hydropower unit 
parts. 

3. After studying the drawings of the hydraulic 
turbine familiarize yourself with the main aspects of 
the plan for organization of installation work. Such 
aspects as selection of hoisting mechanisms and assembly 
areas should be studied more thoroughly by comparing 
the design data with actual onsite situation. Particular 
emphasis should be placed on checking the possibility 
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nJiomaAKax ynpyraienmix yaJioB h hx nponoca k mecxy 

nOCTOHHHOH yCiaHOBKH. 

4. ripoBepHTb HaJiHtiHe H eo 6 xo«HMoro MOHxawHoro 
o 6 opyAOBaHHH, HHCTpyMeHTa h MaxepnaJia. 

5. Bbihchhtb Ha.™e b sbne npeAnonaraeMBix 
paSox BoaAyxa h aJieKxpomixaHHH h bosmojkhocxb 
oAHOBpeivieHHoro noAKJno™H k hhm xpefiyeMoro nncjia 
annapaxoB h HHCxpyMenxa. Kpome xoro, npoBepnxB 
oSecnexjeHHoexB hhskobojibthbim sjieKxponHxaHHeM. 

6 IIpoBepHXB Haranme xaKena>KHoro o 6 opyw> B a- 

HHH, 03 H 3 K 0 MHX 6 CH C AOKyMeHTaMH BO eFO HCHBIXaHHHM 

H cocxaBHXB rpa4>HK Ha flajiBHefimyK, npoBepny b coox- 
sexcxBHH c npaBHJiaMH TocropxexHaAsopa. 

7. XIpoBepHXB ycxpoHCXBO BcnoMoraxejiBHBix noMe- 
meHHH, KOXOptie AOJI>KHBI 6 bIXB CAeJiaHBX B COOXBeXCX- 
bhh c npoeKXOM nponsBOACXBa momama raApoarpe- 

8 OpraHH 30 BaxB paSoHne Mecxa SpnraAaM h HTP, 
0 6 ecneHHXB 6 pHnwH BepcxanaMH, crennawaMH h x.n. 

9 BnayajiBHO nposepHXB cocxohhhc HAieiomeroca 

oSopyAOBaHHH Ha Saae, a no AOKyMenxaM - ero kom- 

nneKXHoexB. - „ 

10 CocxaBHXB h BpynnxB cxponxeJiBCXBy rpaqiHK 

nocraBKH o6opy«OBa OT H B 30Ky KO»Ta*m,,x pafor b 
COOXB eXCXBHH C BblSpaHHOH XeXHOJIOrHHeCKOH cxeMOH 

MOHTanca. 

B xoAe noAroxoBHxejiBHbix pa6ox k MOHxa>Ky Moryx 
o6Hapy>KHTBCH Koe-KaKHe necooxBexcxBHH ray npo¬ 
eKXOM nponsBOACXBa MOHxanca rHApoarperaxoB h mecx- 
HblMH yCJIOBHHMH B XOM BHAe, B KaKOM OHH CJIOXKHHHCB 

K Hanajiy M0 Hxa>KHbix P a6ox. B 3 xom cnynae neofixo- 
ahmo jih6o hphhhxb OesoxJiaraxejiBHbie «epH AJin co- 
gjnoACHHa xpeSoBaHHH, npeAycMoxpeHHbix npoeKXOM, 
m 6o, ecjra 3X0 mo>kho CAeJiaxB 6es ymepfia AJin Kane- 
cxsa, xemnoB h cxohmocth pafiox, hohth na Henoxopbie 
oxcxyiuieHHH ox npoenxa, AHKxyeMbie mccxhbimh ycno- 
bhhmh. 3xh oxcxynJiei-iHH ox npoenxa nponsBOACXBa 
MOHxa>Ka Aon>KHbi 6 wxb H aAJie>KamHM oOpasom o^opM- 
jieHbi. 

B AeJIHX nOBbIHieHHH npOH 3 BOAHXeJIBHOCXH xpyA 
paOoHHX MOHxancHbie ynacxKH nepeAKO oSsaBOAHxen 
y>K e Ha Mecxe MOHxa>Ka aobojibho MHoronHCJieiiHbiMn 
npHcnocoOneHHHMH, nan npaBHJio, hccjkbkhwmh, ho 
nopoii BecBMa tpomosakhmh. HsroxaBJiHBaxb hx cue- 
Ayex 3 a 6 jiaroBpeMeHHO. 

IlepeA HananoM MOHxa>Ka y3Jia hcoSxoahmo Kan 
cneAyex noAroxoBHXB paSonne Mecxa, ofipaxHB oco6oe 
BHHMaHHe Ha SesonacHocxb npoHSBOACXBa pa6ox. 

HaKOHen, Ha Bee (j>yHAaMeHxw, npeAbHBJieHHbie 
cxpoHxejiHMH HOA MOHxa>K, cjieayer HOJiyHHXB cooxsex- 
cxByiomyio reoAesHnecKyio AOKy.MeHxanHio h npoBe- 
PHXB cocxohhhc roxoBHOCXH cxpoHxejiBHOH HacxH noA 
MOHxa>K oOopyAOBaHHH. B MauiHHHbix 3anax, rAe 
MOHXHpyiOXCH xypGHHbi, HOA-beMHbie MaiHHHbl, Hacocbi 
h Apyrne bham noAoSHoro oSopyAOBannH, ao Hanana 
MOHxaHca H eo6xoAHMO aaKOHHHXB ycxponcxBO nepubix 


of arranging pre-assemblies in the assembly areas and 
their transfer to the installation site. 

4. Check for the required erection equipment, tools 

and material. 

5. Check for electric power and air supply and simul¬ 
taneous operation of the required number of tools and 
devices. Besides, check for low-voltage supply. 

6 . Check for rigging equipment and its test certi¬ 
fication and draw up a time table for further tests in 
compliance with regulations of the State Technical 
Inspection. 

7. Check auxiliary rooms for conformity to the 
requirements of the installation execution sequence plan. 

8 . Set up working places for crews and engineering 
personnel, provide crews with vice benches, shelves, etc. 

9. Examine status of the equipment available ai 
the storage and check its standard equipment against, 
shipping documents. 

10. Draw up and hand over to the project adminis¬ 
tration a schedule of equipment delivery to the installa¬ 
tion area in compliance with the adopted installation' 
procedure. 

In the course of preparatory work for installation 
some discrepancies may be found between original 
installation planning and local conditions that ha/e 
developed by the time of installation commencement. 
In this case either urgent actions should be taken Ln 
meet requirements specified by the installation pianj 
or, if it is not detrimental to quality, progress ana 
cost, one should go for some adjustment of the original 
plan, which stems from the local conditions. lh)| 
re-planning must be cleared by respective documeilj 

tation. 


To raise labour efficiency, the installation section 
acquire on the job rather numerous accessories wh| 
are, as a rule, simple in design, but sometimes 
cumbersome. They should be fabricated well 
advance. 

Prior to starting the erection of a component, 1 'i 
working places shall be properly prepared, partial* 
attention being placed on safety in work cxeculioJ 
All foundations released by the builders for insM 
lation shall be supported by respective geodetic sur 
documents and they shall be checked for j| 
for installation of the equipment. The black floo] 
indoor wall plastering the latter if specified W 1 
design, shall be completed prior to starting 0 1 

lation operations in the machine rooms wheis 


nojiOB h BiiyTpeHHioK) mxyKaxypKy, eejm nocjie^HHH 
npe^ycMOTpeHa npoeKTOM. 

IlepeA KOMiuieKCHbiM onpodoBaHneM aoa^hbi 6 bm> 
n uncTbie nojibi. npaBHJiaMH xaioKe npeAycMoxpeno, 
Hxodbi noMemeHHH hjih uacxn 3AaHHH ao Hauajia b hhx 
MOHxa>Ka oSopyAOBaHHH h xexHOJiorHHecKHx xpydonpo- 
boaob ocBo6o>KAaJiHCb ox onajiydKH, cxponxejibHbix 
jiecoB h OHHiqaJiHCb ox Mycopa. npoeMbi, oxBepcxHH h 
KanaJibi AOJi>KHbi HMexb orpa>KACHHH. 

Jfo CAauH (JiyHAaMeHXOB noA MOHxanc odopyAOBaHHH 
Ha HHX HaHOCHXCH TJiaBHbie OCH H cjDHKCHpyiOXCH OXHO- 
CHxejibHbie BbicoxHbie oxMexKH. 

roxoBHoexb odbeKxa h oxAeJiBHoro coopy>KeHHH k 
npoH 3 BOAcxBy MOHxa>KHbix padox (|)HKCHpyexcH coox- 
BexcxByiomHM aKxoM npeAcxaBHxejien cxpoHxejiBHOH h 
MOH xan<HOH opraHH3aijHH h xexHHuecRoro HaA3opa 

3aKa3HHKa. 

4-2. TPEEOBAHHH K MOHTA>KY 
3AKJIAJIHbIX HACTEH 
riiAPOxypBHHbi 

3sn^JiaAHbIMH HaCXHMH THApOXypdHHbl npHHHXO Ha- 
ybmaxb xaKHe ajieMei-ixbi, Koxopwe nocne M0Hxa>Ka 
sajiimaioxcH dexoHOM h AOMOHxa>Ky npH peBH3HHx He 
n0AA&Kax. K hhm oxhochxch: odjinnoBKa oxcacbiBaio- 
ipyobi, oSjiHAOBKa cnnpajibHOH KaMepbi, o6jih- 
itooKa niaxt xypdHHbi h cepBOMoxopoB, KaMepa pa6o- 
mvo Kojieca, (|>yHAaMeHXHoe kojilao, exaxop xypdHHbi, 
oriopHbie KOjroHHbi, HHH<Hee kojibao HanpaBJimoiAero 
amiapaTa, a iijva Henoxopbix KOHexpyKAHH rHApoxyp- 
6 mrbi=— xaioKe BepxHee kojibao HanpaBJinioiAero an- 
mtptiTa. 

CytAeqTByei' dha o6iahx xpedoBaHHH, npeA x>hb jme- 
K MoirrajKy Bcex 6e3 hckjhohchhh 3aKjiaAHbix 
' 1 M 1/11 lab, ace 3aK.iia;Aibie uacxn noejie ycxaHOBKH 
m Mter w% no ao OKOHqaxejiBHOH npoBepKH npaBHJiB- 
Uocni hk Moimona, AOJi>KHbi 6 bixb HaAe>KHO pacKpen- 
T.ciri a n i lit pace A na (fjyHAaMeHxe c iiomoiabio ocodbix 
pllCUOpllK j paCTHHiCK 3 (JjyHAaMeHXHblX doJITOB H ApyrHX 
3 !t ’ 11 d.c chc l ihb aiouiHx HecABHraeMocxB aot^uioh 
- yiuimm m xoep ntmm dexoHa. 3 xh Kpenn- 

nilu u ’ POikTuu AOJimibi dbixn npHBapeHbi k A^xa- 
H 03MLi>KLiotA , P3 ii k apMaxype dexoHa. 
ici h uaKJia mhm Aacreit oMbiBamaH noxo- 
m. Ao.H/iaia iimctb dc^khx ycxynoB, cno- 
iibix H3Mennxi. cKopocts noxoKa boab^ Ha sxHxynacx- 
a irt r.ii.jiv ycryttbi b upoAccce MOHra>Ka Bee nee 
r>| TO tlX KCodxOAHiVlO Cpy6lITb 3ydHJIOM 
icrarn AUJKAHHHbTM RpyrOM HJIH Ha I IIDTbHHKOM, 

11 e °pem^imaiouu ex tc, icoTopbie 
" - b 1 I ; F 


hoisting mechanisms, pumps and other similar equip- 
ment are to be installed. 

The finished floor must be completed prior to 
comprehensive trial runs, as specified by the regula¬ 
tions; the rooms and parts of the building should be 
free from formwork, construction scaffolds and con¬ 
struction debris before installation is started. Recesses, 
holes, channels should be provided with railings. 

Before releasing the foundations for installation 
of the equipment, main axes should be marked out 
on them and relative elevations established. 

Readiness of the entire work or a separate structure 
for installation operations shall be respectively certi¬ 
fied by representatives of the construction and instal¬ 
lation organizations and also by owner’s technical 
inspectors. 

4-2, REQUIREMENTS 
TO INSTALLATION OF TURBINE 
EMBEDDED PARTS 

The turbine embedded parts are those members 
which, after installation in place, are grouted in con¬ 
crete and are not subject to removal during inspection. 
They include draft tube, scroll case, turbine and servo¬ 
motor pits liners, runner case, foundation ring, stay 
ring, stay vanes, lower wicket gate ring, and, for some 
of hydraulic turbines, upper wicket gate ring. 

There are some general installation requirements 
that have to be met by all embedded parts without 
any exception. For instance, all embedded parts, 
after being placed in position and prior to final align¬ 
ment checks, should be reliably braced in the recess 
or on foundations with the aid of special bracings, 
turnbuckles, foundation bolts and other devices which 
preclude displacement of parts during concrete place¬ 
ments and concrete setting. These fastenings must be 
welded to the parts and, if possible, to the concrete 
reinforcement. 

The surface of embedded parts contacting a water 
flow must not have sharp steps liable to change the 
water flow velocity at these sections. If such steps are 
developed during installation, they have to be chiseled 
and then ground off by an emery wheel or a file bringing 
protrusions to the values within tolerances given in 
Table 1. 
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T a 6 ji h a a 1 

jjonycKH ha bejihmpitiv ycTynoB 

B MECTAX COEAHHEHHII SAKJIA^HWX 
MACTEK, HOTVBEBrAIOU^HXCH 
B03^EHGTBH10 HOTOKA BO/JM 


AwaivieTp pa6o*iero 
KOJicca, MM 

AonycTHMaa BejiH^HHa crjiaHceHHbix ycryrioB 
fljia noBepxHocTeH, mm 

o6pa6oTaHHE»ix : 

Heo6pa6oTaHiibix 

Ao 3000 

1 

5 

3000-5000 

2 

8 

5000-7200 

3 

12 

7200-9300 

4 

15 


Mecra coeAHHeHHH, T.e. pa3beMHbie miocKocTH 
conpnraeMbix sjicmchtob , nepeA 3axn>KKOH CTbiKOB 
SojixaMH AOJi>KHbi 6bixb xoporno noAorHaHbi Rpyr k 
Apyry h npoBepeHbi no JieKajitnoH hjih noBeponnon 
jiHHenKe xan, nxo6bi nocjie 3axn>KKH cxbikob ohh hmcjih 
AocxaxonHO njioxHoe coeAHHemie, HCKJiionaiomee npo- 
Tenny boabi h pa3MbiB 6exoHa. 

IIjioxHbiMH coeAHiieiiHHMH ab> 7 x conpHraeMbix nnoc- 
Kocxen npHHHXo cnnxaxb xanne coeAHHeHHH, b noxopbie 
He npoxoAHX myn tojiiahhoh 0,05 mm. JfonycKaioTCH 
jiniiib MecxHbie HenjioxHocxn, b noxopbie iqyn tojiiah- 
hoh 0,05 mm npoxoAHX Ha rjiybmiy He 6ojiee 20% ox 
umpHHbi cxbiKa. H3MepeHHH np0H3B0Anx npn oxcyxcx- 
bhh Me>KAy conpnraeMbiMH hjiockocthmh KaKHX-jindo 
3anojTHHxejien. K OKOHnaxejibHon 3axn>KKe cxbina o6biu- 
ho npncxynaiox nocjie cMa3biBaHHH njiocKOCxen pa3 beMa 
CBHHAOBbIM CypHKOM, KOTOpblH, 3anOJIHHH MecxHbie 
HenjioxnocxH, npeAOTBpamaex npoxenny boabi Me>KAy 
cxbiKaMH h xeM caMbiM npeAoxpaHnex conpnraeMbiH c 
AexajiBio 6exoH ox pa3MbiBa boaoh. 

KojibAeBbie AexajiH 3aKJiaAHbix nacxen mo>kho ycxa- 
HaBJiHBaxb nan oxAejiBHbiMH ceraeHxaMH, xai< h ijejibiMH 
KOJibAaMH, 3a6jiaroBpeMeHHO co6paHHbiMH Ha KaKoii- 
jih6o cSopoHHOH miomaAKe. BbicoxHoe nojic»KeHHe, 
ropH30HxajibHocxb, BepxHKajiBHoexb h nojio>Keime b 
njiaHe 3aKjiaAHbix nacxen noBOpoxHO-jionacxHbix rHApo- 
xypOnH npOBepniox no HHHCHeMy KOJibijy HanpaBjinio- 
mero annapaxa, a paAnajibHo-oceBbix — no cjjyHAa- 
MeHXHOMy KOJibAy hjih cxaxopy, b 3aB hchmocxh ox 
KOHCxpyKAHH rHApoxypOnHbi. Ilpn 3xom 3a 6a3y 6epyx 
BepxHioio o6pa6oxaHHyio noBepxHocxb, BHyxpeHHioio 
pacxoHKy h oceBbie mcxkh Ha kojibacbbix Aexajinx. 
BbicoxHoe nojio>KeHHe h ropH30HxajiBHocxb npoBepniox 
HHBeJIHpOM. IIOJIOHCeHHe OXHOCHXeJIBHO ocefi npOBe- 
pniox no oceBbiM MexnaM, HaHeceHHbiM Ha KOJibijeBbix 
AexajiHx. Ilpn 3xom oceBbie MexKH coBMeujaiOT c none- 
penHOH h npoAOJiBHOH ochmh arperaxoB, no Koxopbm 
HaxHFHBaiox cxpyHbi. KpoMe Toro, noJio>KeHHe 3ai<jiaA- 
Hbix nacxen oxhochxcjibho ijeHXpa jibhoh och arperaxa 
npoBepHiox mxHXMaccoM hjih pyjiexKOH, npOH3BOAn 
3aMepbi ox BHyxpeHHen pacxonKH OasoBon A^TajiH ao 
oxBecHOH cxpynbi, onyin,eHHon H3 xohkh nepeceneimn 


Table 1 

TOLERANCES FOR “STEFS" AT JOIINTS 
OF EMBEDDED FARTS SUBJECTED TO WATER 
FLOW ACTION 


Runner diameter, 

mm 

Tolerance for ground off steps, mm 

machined | 

rough 

up to 3000 

1 

5 

3000—5000 

2 

8 

5000—7200 

3 

12 

7200—9300 

4 

15 


Before bolting together, the joints, i.e. the split 
surfaces of mating members, must be well matched 
and checked with a straight edge or a levelling rule to 
create watertight joints precluding concrete erosion. 

A joint of two mating surfaces is considered to be 
tight if it will not let in a 0.05-mm feeler gauge. Only 
local gaps are allowed in which the 0.05 mm feeler 
gauge passes to a depth not exceeding 20 per cent of 
the joint width. Measurements should be taken on 
the mating surfaces free from any filling materials. 
The final tightening of joints is usually done after 
coating the parting surfaces with red lead which, filling 
up local gaps, makes impossible water leakage through 
the joints thus protecting the concrete on the contact 
with the embedded member from erosion by water. 

The ring embedded parts can be placed in position 
in separate sections or in complete ring assemblies to 
be pre-assembled at the assembly floor. The elevation, 
plumb, level alignment and arrangement in plan for 
the embedded parts of adjustable-blade turbines are 
checked against the lower wicket gate ring, for the, 
radial-axial (Francis) turbines checks are made against 
the foundation ring or stay ring depending on the 
construction of the turbine. The upper machined sur¬ 
face, inner bore and axial marks on the ring parts are; 
used as reference points. The elevations and level 
alignment are checked with the aid of a transit, Pe&M 
tions with respect to center lines are checked againsl 
the center line marks applied to the ring parts. The 
axial marks are matched with the transverse and JougH 
tudinal center lines along which wires are strung j 
Besides, alignment of the embedded parts with resped I 
to the vertical center line of the unit is checked wiul 
the aid of a rod gauge or a measuring tape with readinffl 
being taken from the inner bore of the refotenee P ,ir jH 
to the plumb wire suspended from the intersect 111 
the wires strung along the transverse and longH^nB 
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AByx cxpyH, HaxHHyxbix no nonepeuiiofi h npoAOJiBHOH 
ochm rHApoarperaxa. Ilocjie pacKpenjieHHH Bcex Acxa- 
jien h OKOHnaxejiBHOH npoBepKH np bb hjibho cxh hx 
ycxaHOBKH npHCxynaiox k CAaue 3aKJiaAHbix uacxen 
noA GexoHHpOBaHHe. CAany npoH3BOAnx no anxy, k 
KO xopoMy npnjiaraiox (jjopMyjinpBi, oxofipa>Kaioiim;e 
cpaKXHuecKoe riojio>i<eHHe 3aKJiaAHbix uacxen no BBicoxe 
h b njiaHe. 

JfonycxHMBie oxKJioHeHHH pa3MepoB h reoMexpn- 
uecKOH cJjopMbi 3aKJiaAHBix nacxeH ox npoeKXHBix a aH- 
hbix 6yAyT npHBeACHBi hh>kc b TafijiHijax, COnpOBO>K- 
Aaiontnx paccMOxpeHne xexHOJiorHH MOHxa>Ka i<a>KAoro 
H3 3 JieMeiiT 0 B 3aKJiaAHbix nacxen. TaM >i<e SyAyx npn- 
BeACHbi h o6pa3B[bi (jiopMyjiHpoB Ha ycxaHOBKy oxhx 
y 3 JiOB. Ilpn cxpoHxejibcxBe rHAposjieKxpocxaHAHH Ha 
ochobbhhhx, noxopbie nocjie iiphhhthh coopy>KeHHeM 
Hanopa a^iox HaKJioH 3AaHHH, peKOMeHAyexcn 3ai<jiaA- 
Hbie nacxH rHApoxypbHHbi, a cooxBexcxBeHHo h Bee 
y3Jibi arperaxa mohxhp o b axB c onpeAejieHHbiM pacuex- 
HbiM HaKJiOHOM, oSpaxHbiM o>KHAaeMOMy. TorAa nocjie 
npHHHXHH coopy>KeHHeM Hanopa BepxHKajiBHan ocb 
arperaxa cxaHex oxbcchoh. 

4-3, TPEEOBAHHH K EETOHy, 
COIIPHrAEMOMy C 3AKJIAX^HbIMH. 
T1ACTHM.H raj^POTyPEHHbl 

HaAe>KHOCTB h AonroBenHocxb pafioxbi rHApoarpe- 
raxa bo MHoroM 3aBHcnx ox nanecxBa yKJiaAKH 6exoH- 
hiak fijiOKOB, HenocpeAcxBeHHo conpnraioiAHxcH c Aexa- 
jtjimii n y3JiaMH rHApoarperaxa. ConpnraeMbiH c y3JiaMH 
ni/^poarperaTti 6exoH aojihcch HMexb noBbimeHHyio 
npouHotrrB, xai< nan b 3Kcnjiyaxau;HOHHbix ycjioBHHX oh 
BO ciipKHiiMaex SojiBiune cxaxHuecKne h AHHaMHuecKHe 
narpysKH. KpoMe xoro, k dexoHy, conpnraeMOMy c 
Typ^Hubi, npeA t>hbjihioxch noBbimemibie xpe- 
erqe b otho uieHHH BOAOHenpoHHAaeMocxn, 
lmAC/KiHKTB CBB3H c conpHraeMbiM y3JioM h co6jiioac- 
lu,rt W&mhix reoMexpHnecKHx pa3MepoB. 

LI p o n n o cxb 6 e x o h a onpeAejmexcH ero 
JmipKOii, HacbimcmrocTBio h pacnojionreHneM apMaxypbi, 
KsmecTBOM imcpTHbTx MaxepnajiOB, a xaione npasHJib- 
TlOCTBit) LipoiraBo actB a pafioT. MapKa 6eTOHa xapaKTe- 
pnayev cro ftpeAejr npoHHOCTH npn oksthh, T.e. ycnjine 
n wujiorpaMMax, npnxo aai neecn Ha 1 cm 2 , npn kotopom 
iicnurt hu^ieMi>m oGpaseit (SexoHHbp KyfiHK pasMepOM 
cm) rrocjie 28 -ahcbhoh bbiacphckh Hann- 

1 fci if\vnmxBOT. CucAy^r 3aMeTHTb, hto TaKOH 

^P^erpancHHbiii mero a oupeAeneimH npouHocTH He- 
In npaBHjien, xai< nan deTOHHbie KydnKH 
^-Ecuee ltaxypajiBiibix fieTOHHbix Gjiokob. 

P " arpcraxHbix 6 jiokob h ocoSeHHO 

■ JVioHTa>KiHsix niTpao oSbmno npHMe- 

■ M 11 imicoKHx Map ok. xjeM sto ycTaHOB- 

%m>i ii Ooitjt!ni1 ;lTA :>TTTK nejieii hact fieTOH 

r u 


center lines. After bracing the parts in position and 
final check of alignment, the embedded parts are relea¬ 
sed for concreting. The parts are released according 
to the certificate with record sheets being attached which 
reflect the actual status of the embedded parts in plan 
and heightwise. 

Tolerances for dimensions and shape of the embed¬ 
ded parts are given below in the tables related to the 
description of installation process for each member 
of the embedded parts. There, one will also find forms 
of the record sheets for installation of these compo¬ 
nents. When hydroelectric plants are built on the 
foundations which cause the powerhouse to deflect 
after taking on the head, it is recommended that 
embedded parts of hydropower units and, respectively, 
all the unit components should be installed at a certain 
design inclination which is opposite to the expected 
deflection. In this case after taking on the head, the 
vertical center line of the unit will assume the plumb 
position. 

4-3. R EQ l J Bill MENTS TO CONCRETE 
BONDING WITH TURBINE EMBEDDED 
PARTS 

Reliability and service life of hydropower units 
greatly depend on the quality of concrete poured in 
the blocks bonding directly to the parts of hydraulic 
units. The concrete bonding to the components of hydro- 
power units should have a high strength because under 
operating conditions it takes heavy static and dynamic 
loads. Besides, the concrete bonding to the turbine 
components should satisfy more stringent requirements 
for water tightness, reliable adhesion to the joining 
components and maintenance of specified geometric 
dimensions. 

The concrete strength depends on its 
grade, reinforcement saturation, quality of aggregates, 
and also on proper execution of work. The concrete 
grade indicates its ultimate compressive strength, i.e. 
the force in kg acting on 1 sq cm (a concrete cube 
measuring 20x20x20 cm) and causing the 28-day 
old concrete cube to fail. 

It should be noted that such a method of testing 
the concrete strength is not adequate because concrete 
cubes are fabricated in a more thorough way than the 
life size concrete blocks. 

When concreting the units and especially filling 
up installation blockouts, concrete of grades higher 
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Kojihhcctbo, ceuemie h pacnojio>KeHHe apMaTypbi 
TaioKe 3aAaioTCH npoeKTOM. YMeHbineHHe KOJinuecTBa 
apMaTypbi npoTHB ycraHOBJieHHoro npoeKTOM HeAony- 
cthmo, nan, BnponeM, h odpaxHoe HBJieHHe, h6o nepe- 
HacbimeHne apMaTypon, HanpHMep, MOHTa>KHbix uiTpaS 
npHBOA^T k nJioxoH npopaSoTKe pacTBopa h k o6pa30- 
BaHHio nycTOT. ApMaTypa, ycTanaBJiHBaeMaH b 6jiOKax, 
noApa3AeJineTCH Ha paGouyio h pacnpeAeJiHTeJibHyio 
(BcnoMoraTejibHyio). PaSonan apmaTypa BMecxe c 6 ero- 
hom BoenpHHHMaex Ha ce6n Bee ycHjmn h nooTOMy ee 
yAajieHHe (cpe3Ka), noA^ac npoH3BOAHMoe rsix yAo6- 
cxsa MOHxanca, — HBJieHHe coBepmeHHO neAonycxHMoe. 

B cjiynae KpaHHeii hcoSxoahmocth cpe3Ka uacTH pa6o- 
tien apMaxypbi MO>Kex 6bixb CAeJiaHa tojibko nocjie 
npoBepoHHoro pacnexa. 

JJjih nojiy^eHHH HaAe>KHoro conpn>KeHH h SexoHa c 
aaKJiaAHbiMH tjacTHMH raflpoTypSHHbi cjieAyeT 6 jiok, 
iio;(roTOB:reHHi)iii k fSexom-tporsaHHio, h ocooeimo moh- 
xa>KHbie mxpaSbi xmaxentHO ohhcthtb ox nocxopoHHHx 
npeAM.exoB h Mycopa. IIoBepxHOCTH paHee yjio>KeHHoro 
6exoHa : conpnraiomHecH co bhobb yKJiaAbmaeMbiM 6e- 
tohom, HaAo HaceHb h npoMbiTb, a b sHMHee BpeMH eme 
h nponapuxb. IIoBepxHOCXH MexaHHnecKHx A eTajie ^? 
HAyiAHX B 6eXOH, HeoSxOAHMO OHHCTHTb OX KpaCKH H 
He(J)xenpoAyKxoB. OueHb 6ojii>iiioe 3HaneHHe HMeiox 
xeivmbi SexoHHpoBaHHH: onepeAHOH cjioh SexoHa HaAo 
ycnexb yjio>KHXb Ha npeAbiAym™? Y >Ke yJionceHHbiH 
cjioh 5 npoKAe, neM xox ycneex cxBaxnxbCH. HapyrneHiie 
axoro npaBHJia iiphboahx k Spany, a npH HeHcnpaBJie- 
hhh ero — k aBapHHM oSopyAOBaHHH. Bot noueMy HaAo 
xBepAO noMHHTb, HXO cpoKH cxBaxbmaHHH 6exoHa HeBe- 

JIHKH - AJJH pa3HBIX MapOK OHH pa3JIHHHbI, HO B 

o6meM He bbixoahx 3a npeAeJibi 1—2 n. Ocodemio 
xmaxeubHo cjieAyex Ha6jnoAaTi> 3a SexoHHpOBaHneM 
mxpa6 SexoHOM, npHroxoBJieHHbiM c npHMeHeHHeM 
SbicxpocxBaxbiBaiomHxcH AeMeuxoB hjih Ao6aBOK, ycKO- 
pHiomnx cxBaxbiBaHHe. 

HaAOKHoexb CBH3H yKJiaAbiBaeMoro 6exoHa c 
noBepxHocxHMH oSjihaobok 3aKJiaAHbix nacxen rHApo- 
xypSnHbi, cnnpaJibHOH KaMepbi, inaxx xyp6nHbi h 
cepBOMOxopOB, KaMepbi pa6onero KOJieca, o6jihijobok 
ajieMeHxoB oxcacbiBaiomeH xpySbi h AP* npoBepniox 
nyxeM npocxy khb aHHH pyuHHKOM c BHyxpeHHen cxo- 
poHbi o6jihaobok. rJiyxoH 3ByK CBHAexejiLCXByex 06 
OXCyXCXBHH CBH3H SeXOHa C MexaJIJIOM HJIH HaJIHHHH 

nycxox b 6exoHe 3 hto He AonycKaeTCH. B 3 xom cjiynae 

B oSjIHAOBKaX 3aCBepJIHBai0X OTBepCTHH H Hepe3 hhx 
H arHexaiox 6exoHHbiH pacxBOp. 

BeTOH, conpHraeMbift c y3JiaMH ruflpoTypSuHM, 
AOJiHceH o6jiaAaxb xopomen bo AOHenpOHHAac- 
moctbio. OHa 3aBHCHX ox MapKH ijeMeHxa, rpany- 
jioMexpHHecKoro cocxaBa 6 cxohhoh CMecn h KanecxBa 
ee npopaSoxKH npH yKJiaAKe b Sjiokh hjih mxpaSbi. 
BoAOHenpoHHijaeMOcxb 6exoHa xapaKxepH3yexcn kojih- 
necxBOM norviomaeMOH hm boabi, noxopyio HarHexaiox 
b cneijHajibHO npoSypeHHbie cKBa>KHHbi. IIpopaSoxKa 


than those specified by the design is usually employed 
Concrete of grades 200—300 and higher is normally used. 

The quantity, cross-section and arrangement of 
reinforcing bars are also specified by the design. Reduc¬ 
tion of the reinforcement against quantity specified by 
the design is inadmissible, the same as increase in 
reinforcement because oversaturation with reinforce¬ 
ment, such as, in block-outs, results in poor working 
of the concrete mixture and development of voids. 
The reinforcement to be installed in concrete blocks 
is classified as working reinforcement and distribution 
reinforcement. The working reinforcement jointly with 
the concrete takes loads and therefore cutting out of 
these reinforcing bars, which is sometimes done to 
facilitate installation operations, is positively prohibi¬ 
ted. In case of need, part of the working reinforcement 
may be cut out only after appropriate check calcu¬ 
lations. 

To ensure a reliable bond between concrete and 
embedded parts of a hydropower unit, the concrete 
block ready for further concreting and especially 
block-outs shall be cleared of foreign objects and 
construction debris. Surfaces of the concrete on which 
new concrete is to be poured shall be chipped and 
washed. In winter time, they have also to be steam 
cured. Surfaces of mechanical parts to be embedded 
in concrete shall be free from paint or oil stains. Rates 
of concreting are of great importance — the next 
layer should be placed before the preciding layer has 
set. Default of this requirement results in defects. 
Neglect in rectifying the defects may cause failure 
of the equipment. That is why one should remember 
that the setting time of concrete is short. It varies for 
different grades of concrete and does not exceed ! 
or 2 hours. Particular emphasis should be placed on 
concreting the block-outs, recesses using quick setting 
cements or admixtures. 

The adhesion between placed concrete and the 
surfaces of turbine embedded parts, scroll case, turbine 
pit and servomotors, runner case, draft tube liner, etc. 
is checked by rapping on the liner. Hollow sound indi¬ 
cates lack of adhesion between concrete and metal 
surfaces and presence of voids in the concrete: which 
is not permissible. In this case, holes have to be drilled 
and grount injected. 

Concrete bonding to the turbine parts should bf 
adequately water tight. Water tightness ol con¬ 
crete depends on the cement grade, aggregate grading 
and thoroughness of working when placing the concrc 
in the blocks and block-outs. Water tightness of con¬ 
crete is characterized by the quantity ol' water ahspr ’ e , 
by it, which is to be pumped into the holes to be d" 
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6exona b mxpaSax nopon 6biBaex 3 axpyAHena H3-3a 
HaJiHHHH xaM Sojibuioro KOJinnecTBa apMaxypbi h bch- 
Koro poAa MOHxa>KHbix pacxH>Kei< h pacnopoK. IIonbiXKH 
cxpoHxejien yjiynmHXb npopa6oxKy SexoHa, yAJiHHHH 
BpeMH BH6pHpOBaHHH, HaCXO npHBOAHX K yBeJIHHCHHK) 
nopncxocxH 6exoHa. IIpOHCxoAHx axo noxoMy, hto 
npe3MepHbiM BHSpnpoBaHHeM aoboaht SexoHHyio CMecb 
AO noHBjieHHH b Heii neHbi, b pe3yjibxaxe nero 6exoH 
oSorarqaexcH ny3bipbKaMH B03Ayxa. 

TBepAeHHe SexoHa, yjionceHHoro b 6jiok 
hjih b rnxpaSy, aojhkho npoHexoAHXb o6n3axeJibHO npn 
noJio>KHxejibHOH xeMnepaType 6jioi<a — He HHxce +5°C. 
CnHxaexcH, hto 6exoH cxaHOBHxcn AoexaxonHO npon- 
HbiM nocjie Ha6opa 2000 noJio>KHxejibHbix rpaAyco- 
nacoB. rpaAyco-nacbi nojiynaioxcH nepeMHO>KeHHeM 
xeMnepaxypbi OexoHHOH cmcch Ha nacbi bbiacphckh; 
npH sxom cjieAyex ynHTbiBaxb, hxo xemnepaxypa b xene- 
HHe c BpeMeHH BbiAepncKH H3MeHHexcH, nocKOJibKy xh- 
mhko- cjpH 3 HHecKHe npoAeccbi^ npoHCxoAHiAHe npH xBep- 
AeHHH OexoHa, npHBOAnx k caMopa3orpeBy SjiOKa. 

HaAo HMexb b BHAy h to, hto Tenjio, BbiAeJineMoe 
TBepAeioiAHM 6eT0H0M 3 cnocoOcTByeT HcnapeHHio boahi, 
oco6eHHO c noBepxHOCTHoro cjioh, h 6bicTpoMy conpa- 
ineHHio o6x>eMa 3Toro cjioh, b to BpeMH Ran oObeM 
BHyTpeimero MaccHBa coKpamaeTCH snanuTejiLHo MeA- 
HCTiHee. HepaBHOMepHoe coKpameHHe pa3JiHHHbix cjioeB 
6eTOHa npHBOAHT k o6pa30BaHHio ycaAOHHbix TpeiAHH. 
^ItoCh npeAOTBpaTHTb noHBJieHHe sthx TpemnH, Octoh 
b nepBBie ahh TBepAGHHH noKpbiBaiOT MaTaMH hjih 
6pe3eHTQM h nep ho ahh ecKH cManiiBaioT boaoh, co- 
XpanflH TeM caMbiM ero noBepxHocTb bo BJia>KHOM 
COCTQHHHH. 

4-4. OBJIHAOBKH OTCACbIBAlOIIIHX 
TPyB 

A. KOHCTPyKI^IIfl OTCACLIB AIOUHlX 

rpyB II HX HA 3 HAHEHHE 

Ot cacw b aroma >1 xpyda hbuhctch KaK 6r>i kohcuhlim 

I KMICHTQM npOTOTOOH HaCTH peaKTHBHOH THApOTyp- 

I\oji({)nrypaimH h pa3Mepbi OTcacbiBaiomeH Tpy- 

dhl 0T KOHCTpyKIJHH, TaSapHTOB H MOIAHOCTH 

rnjxpaarperaxa. Tan, oTcacbiBaiomHe TpyObi cpeAHHx 

II ^pyrtHBix BepTHKajiBHbix rHApoarperaTOB ObiBaiOT 

uanriiyTbiMH (ptic. 26, a), a ajih mcjikhx b epTHKaJibHbix 
arperaTOD, ksk npaBHJio, — npHMbiMH, iianoMHiiaio- 
IIfnnn (jJOpMDH yceneHiibm KOHyc (pnc. 26, 6). 

■ ) i 'phAorrtajiBHbix npHMOTOqiiBix h nojiynpHMOTOHHbix 
1 nnpoarperaxoB iicex raSapHTosj OTcacbiBaiomne Tpy6bi 
TianoMMHaiOT BHanajie no 4>opMe npHMOH 
fittciuiBiii Kunyc, a skxeM npeBpaui;aioTCH b yceneH- 
l1vlu 'BtpaMHAy. 

Tlp>cMan RommeCKaH xpyQa c yrjioM KOHyca 4—9° 
, , " u >' ■■rK'ni eruLiecKH Gonee coEepmeiiHa h npocTa, 


for this purpose. Working of the concrete in block-outs 
is sometimes hampered by a great number of rein¬ 
forcing bars or various erection bracings and tie rods. 
Endeavours of builders to improve quality of working 
by extending the vibration time often increase the con¬ 
crete porosity because overvibration brings on frothing 
which causes the concrete to entrain air bubbles. 

Hardening of concrete placed in the 
block or a blockout should take place at a positive 
temperature not lower than 5°C. The concrete is 
considered adequately strong after attaining 2000 posi¬ 
tive degree/hours. The degree-hour is the product of 
concrete mix temperature times hours of curing. It 
should be borne in mind that temperature varies 
throughout curing, because chemical and physical 
processes taking place in hardening cause exothermal 
reaction. 

The heat evolution by the hardening concrete 
contributes to the drying up of water especially from 
the surface layer and rapid shrinkage of this layer 
while the volume inside the concrete block tends to 
contract at a much slower rate. Nonuniform contraction 
of different concrete layers causes shrinkage cracks to 
develop. 

To prevent such cracking during the first days of 
hardening, the concrete should be covered with mats 
or burlaps and wetted regularly thus keeping the expo¬ 
sed surface continually moist. 

4-4, DRAFT TUBE LINER 

A. CONSTRUCTION OF DRAFT TUBES 
AND THEIR FUNCTION 

The draft tube is a sort of an end element of the 
reaction turbine water passage. The shape and location 
of the draft tube depend on the construction, dimen¬ 
sions and capacity of the hydropower unit. The draft 
tubes of medium- and large-size vertical hydropower 
units are of an elbow configuration (Fig. 26 a), small- 
size units have, as a rule, straight draft tubes resembling 
a truncated cone (Fig. 26 6 ). The draft tubes for hori¬ 
zontal straight-flow and bulb units of all sizes resemble 
initially a truncated cone and then they pass into a 
truncated pyramid. 

A straight tapered draft tube with a cone angle 
0 f 4 — 9 ° i s more perfect in terms of energy and simplier 
in construction but its application on vertical hydro- 
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PHC. 26. KoHCTpyKTHBHbie paSHOBH^HOCTH OT- 
cacbiBaiomux Tpy6: 

1 — KOHH^iecKHH pacxoflnmHH naTpyGcm; 2 — H 3 orHyxaH 
*iacTb; 3 — Aa»JtcJ)y3opHbiH bbixoahoh naTpySoK 

Fig. 26. Design versions of draft tubes: 

1 — cone; 2 — elbow; 3 — diffusor 


OAHaKo ee npuMeHemie b b epxHKa jibhbix rHApoarpera- 
Tax conpH>KeHO co 3 HaHHTejiBHBiM y b ejin^eHHeM oSteivia 
CTpoHxejibHBix pa6ox 5 nocKOJitKy aji^ nojiynemiH nan- 
MeHLiiiHX noxepb SHepran Ha BbixoAe H3 xpy6bi npn- 
ujjiocb 6bi HaMHoro yBejimmxb AJrany nocneAnen, a 
cjieAOBaxejibHOj h ee 3arjiy6jieHHe. 

Ha3HaneHHe oxcacbiBaioineii xpyflBi — oxboahxb bo- 
Ay ox paflonero KOJieca rHApoxyp6 hhbi b hh>khhh 6bec[) ? 
o6ecneHHBan npii sxom Handojibrnee Hcnojib30BaHHe 
Hanopa. Y b epxmca jilhlix rHApoarperaxoB oxcacbiBaio- 
ma h xpy6a BbinojiimeT enje h Apyryio cl)yHKAHio — 
OHa BbinpaBJinex noxoK boabi, npeBpaman ero H3 Bep- 
XHKajibHoro b ropH 30 HxaAbHbiii. HaH6ojibmee hoiojib- 
30BaHHe Hanopa o6ecrienHBaexcn 3a cuex HMeiomerocH 
Ha BbixoAe OTcacbiBaioin;en xpy6bi pacninpemiH, 6jia- 
roAapn KOxopoMy CHH>Kaioxcn BbixoAHbie CKopocxn 
BOAbi h yBe jihhhb aeTCH nponyeKHan cnoeoflHocxt pa6o- 
nero KOJieca. 3xo co3AaeT ycjiOBHH rjih y b e jihhchhh 
oxa^hh 3HeprHH noxoKa, xai< na k noA padomm KOJiecoM 
C 03 AaexcH AonojiHHxejibHoe noHH>KeHHe AaBjieHHH, npo- 
nopAHoHajibHoe KHHexnnecKon onepran v 2 /2g, ocxaio- 
HjencH b hotokc Ha BbixoAe H3 paoouero KOJieca. B H3or- 
Hyxbix xpydax BoccxaiiOBJieHHe aiiepran nponcxoAHx b 
flojimieH Mepe b KOHyce, He>KejiH b oxboao. 3xo o6t>h- 
CHHeXCH, nO-BHAHM0My, BpeAHblM BJIHHHHCM H30rHy- 
xoh nacxn, cnoco6cxByionteH 3 aBnxpeHHio noxona. 

Hajinnne oxcacbiBaionten TpyflBi no3BOJiHex, KpOMe 
xoro 5 ycTaHaBJiHBaxb paSonee koJ ieco rnApoxypSnHbi 
Bbirne ypOBHH boabi b hhhchcm Sbec^e, npaKxnnecKH 
6 e 3 noxepb Hanopa. OxcyxcxBne noxepb 06 BncHnexcn 
xeM, nxo noA padouKM KOJiecoM paboxaiomeii rHApOTyp- 
6hhbi co3Aaexcn AonojiHHxejibHoe pa3pe>KeHHe, paBHoe 
Bbicoxe pacnojio>KeHHH pa 6 onero KOJieca HaA ypOBHeM 
HH>KHero dbecjja. 


power units involves considerable increase in con¬ 
struction work because to obtain the lowest energy 
losses at the draft tube outlet, its length, and 
hence, the depth of setting must be considerably 
increased. 

The draft tube is intended to conduct water from 
the runner to the downstream reach affording thereby 
maximum utilization of the available head. On vertical 
units, the draft tube turns the flow also from vertical 
into horizontal. The maximum utilization of the head 
is provided by diverging at the discharge end of the 
draft tube, which reduces the exit velocities and in¬ 
creases passing capacities of the runner. This creates 
conditions for giving up energy by the flow because 
under the runner additional pressure reduction is develo¬ 
ped which is proportional to kinetic energy v 2 /2g 
unrecovered from the flow leaving the runner. In 
elbow-shaped draft tubes, energy recovery takes place 
to a greater extent in the cone rather than in 
the discharge tube. It may be attributed to thf 
adverse effect of the bend causing the flow to 
whirl. 

Besides, the draft tube permits the runner to he 
installed above the downstream level without pH$J| 
cally any loss of head. The absence of head losses iS' 
due to additional pressure reduction that develops 
under the operating runner which is equal to the dif¬ 
ference in elevations of the runner and the down- 
stream reach level. 
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YcTaHOBKa padonero nojieca HecnojibKO Bbirne ypoB- 
hh boabi b HH>KHeM 6 be(j)e no 3 BOJinex cooxBexcxBeHHo 
yMeHbiHHXb 3 arjiy 6 jieHHe oxcacbiBaiomen xpydbi, a cue- 
AOBaxejibHO, h 06 BeM cxponxejibHbix padox. KpoMe 
xoro, ofljiernaexcH OKcruiyaxannn rHApoxypdHH, xan 
nan b 3 xom cjiynae rjik ocMoxpa padonero KOJieca y>i<e 
He xpedyexcn cxaBHXb maHAOpbi co cxopoHbi HH>KHero 
6 be(J)a h oxKauHBaxb boay H 3 oxcacbiBaioinen xpy 6 bi. 
OAHaKO BejiHHHHa 3 aBbiuieHHH nojio>KeHHH padonero 
KOJieca HaA ypOBHeM boabi b hhhchcm 6 be 4 >e orpaiiii- 
HHBaeXCH HBJieHHHMH KaBHXaAHH B 30 He paflonero 
KOJieca npH padoxe rHApoxypdnHbi, 0 neM noApodnee 
dyAex CKa 3 aH 0 b § 9-4. 

OopMa h reoMexpHuecKHe pa 3 Mepbi pa 3 JiHHHbix 
ceneHHH oxcacbiBaioineH Tpydbi onpeAejimoxcn xapaK- 
xepoM p acnpeAeJieHHH CKopocxn b ceneHHHx noxOKa. 
MeM paBHOMepHee noxoK, xeM MeHbiue noxepn SHeprHH 
b oxcacbmaiomeH Tpyde. OopMa h reoMexpHHecKHe 
pa 3 Mepbi BbidHpaioxca He cxojibKO Ha ocHOBaHHH aHa- 
AHXHnecKHX pacuexoB, ckojibko no pe 3 yjibxaxaM ncnbi- 
TaHHH pacnexHbix MOAeJieii xpyd. OxcacbiBaioinan xpyda 
HeyAanHOH (jjopivibi hjih HenpaBHJibHoro ceneHHH Mo>Kex 
CHH 3 HXb K.n.A. rHApoxypduHBi Ha 5 — 8 %. 

Bbidopy onxHMajibHbix pa 3 MepoB oxcacbroaioiAHx 
Tpyd dbuio nocBHineHo HeMano SKcnepHMeHxoB 3 apy- 
de>KHbTx h oxenecxBeiiHbix HHCxnxyxoB h 33 boaob . 
TaK, npoBeACHHbie Ha JleHHHrpaACKOM MexajumnecKOM 
aaBOAe hmchh XXII CBe 3 Aa KIICC JiadopaxopHbie 
uciibiTaHHH paitHOHajibHOH cepHH oAHOxnnHBix oxcacbi- 
BatoniBx Tpyd c kojichom no 3 BOJiHJiH CAenaxb pha 

BbIBOAOB: 

1. Yroji a noA BeAia noxojiKa BbixoAHoro AH4)4)y3op- 
Horo uaTpyona 3 (pnc. 26) coxpaHHT onxnMajibHbie 3Ha- 

ecjiH ero BejiHHHHa dyAex H 3 MeHnxbc h b odpaTHo 
iiponopmroHajibHOH saBHCHMOCxn ox H 3 MeHeHHH a^hiibi 
axqro naxpydKa. Ero HHCJieHHoe 3 naneHHe aojdkho 
naxoAHTbCH b npeAenax ox 10 ao 13° npn AJiHHe 
imxpy 6 i<a L 2 =(2,4 — 1,8) D. 

2 . 3 a cueT yBejiHuemm KOHy chocth A^ch^ysopa b 
nJiane non pacumpeHHH BbixoAHoro ceueimn xpydbi 
vtoji .« mo>kct dbiTb HecnojibKO yMeiibiiieH, a K.n.A* h 
A iouniocTb FHApoarperaTa HecKOJibKo yBejmneHbi. 

3. BbixoAHoro An4>4 ) y 30 P H0r0 naxpyd¬ 
Ka, a xaioice h pacniHpeHHe KOJieHa 3 a cnex yAJiHHenHH 
ero ropHaOHxajibHoM nacxn a^iot Henoxopoe noBbi- 
nmmc k.u^. 

4 y neunuennc sarjiydjieiiHH OTcacbiBaiomeH xpy- 
fiBi, npoiiaBg^ioe 3 a cnex yAJiHHeHHH BepxHKajibHoro 
^TCCKOro naxpydKa, 3HanHxejibHo yBejiHHHBaex 
k^i.Jc { ..iieAyex, OAHaKO, 3 aMexnxb, nxo axox 3 (J)(J)eKT 
Ho,i\iiaeTea ;nuiib nnn cpaBHuxeJibHo HedojibmoM yAJin- 

neiuiir. 

1 -aiOlTlHC Xpydbi B doJIbUIHHCXBe cjiynaeB 

ial_WC> r ^(: T OBia,L\Ul C T mCTHHHOH odjIHAOBKOH HeKO- 

I Ll>: MerajTJIHHeCKHMH JIHCXaMH. JlHIHb B 

nn niu fbBbix cjiyHanx ohh odjiHiioBbiBaioxcH me- 


Installation of the runner somewhat above the 
downstream level enables the depth of the draft tube 
setting to be reduced and hence permitting of reducing 
the scope of construction work. In addition, mainte¬ 
nance of the turbine is facilitated because stoplogs 
on the downstream reach side and dewatering of the 
draft tube are not required during inspections of the 
turbine. Elevation of the runner above the downstream 
level, however, is limited by cavitation in the runner 
zone at the operating hydropower unit (for details 
see Section 9-4). 

The shape and geometric dimensions of various 
draft tube sections are determined by distribution of 
velocities across the flow. The more uniform the flow, 
the less will be energy losses in the draft tube. The shape 
and dimensions are determined from the results of 
tests on the models of design tubes rather than from 
the analytical calculations. A draft tube of a poor 
shape or a wrong section may reduce the turbine 
efficiency by 5—8 per cent. 

A lot of experiments conducted by design agencies 
and manufacturers both in this country and abroad 
were devoted to optimization of the draft tube sizes. 
Laboratory studies conducted at the Leningrad Metal 
Works named after the XXII Congress of CPSU, 
on a series of the homologous elbow type draft 
tubes enabled the following conclusions to be 
made. 

1. Angle a of diffusor tube 3 roof slope (Fig. 26) 
tends to maintain its optimum values if its magnitude 
changes as an inversely proportional function of change 
in the length of this tube. Its numerical value must 
be within 10 to 13° at a tube length L 2 = (2.4—1.8)D. 

2. Angle a can be somewhat reduced and the effi¬ 
ciency and capacity of the unit increased by diverging 
the diffusor in plan with enlargement of the tube exit 
section. 

3. Extension of the diffusor and widening of the 
elbow through increasing the length of the horizontal 
tube afford some gain in efficiency. 

4. A deeper setting of the draft tube through the 
extension of the vertical tapered tube provides for a 
considerable rise of efficiency. It should be noted, 
however, that only a comparatively small extension 
will give this effect. 

In most cases the draft tubes are formed in concrete, 
some portions being lined with steel plates. Plate- 
steel liner for the full length of the draft tubes is pro- 
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TajmraeCKHMH JiHCTaMH Ha BceM cbocm iipoth'/KCIihk , 

JJp 1ICJU1I iIICl’0 BpeMeHH pyKOBO;iCTl!0]!aJIHCI, T3KHM 
npaBHJiOM: oGjiiipoBLiBajiH Te ynacTKH, Ha KOTopbix 
epeflHHe CKOpOCTH flBHJKeHHH nOTOKa BOflbl 6bIJIH 
Bbiuie 5 m/c. Tenepb >Ke, b cbh3h c HOBbiuieHHeM 

H 3 HOCOyCTO 0 HHBOCTH OCTOIIOB, ynOMHHyTBIH lipC^C/I 
CKOpOCTH SHaHHTeJlbHO IIOBblCHJIH H MeTaJIJIHUeCKHMH 
JiHCTaMH 06 JIHIJOBblB 3IOT TOJIbKO HauaJIBHblH paCHIH- 
pHIOmHHCH KOHyC. 3 t 0 n03B0JIHT HaM OTpaHHHHTbCH 
paCCMOTpeHHeM MOHTa>Ka JIHHIb 3THX paCUIHpHIOmHXCH 
KOHyCOB pa^HaJIbHO-OCeBblX H nOBOpOTHO-JIOnaCTHbIX 
THApOTypSHH. 

B. MOHTA5K OBJIHIJOBKH 
PACIHHPBlOmErOCH K OIIVC A 

OTC\(:r>iBAioiiu:ii tpybu 

PA^HAJIbllO-OCEBOft 

ra^POTypEiiHbi 

OSjiHpoBKa pacuiHpHiomerocH KOHyca oTcacbiBaio- 
men Tpy6bi y noAaBJiniomero 6 o jibuihhctb a paAHajibHO- 
oceBbix THApoTypSHH npeACTaBJineT co6oh MeTajuiH- 
necKyio KOHCTpyKifHio, cBapHBaeMyio H3 jihctob b oaho 
ijejioe, a 3 aTem 3 aJiHBaeMyio CHapy>KH 6ctohom. HeKO- 
Topbie HHOCTpaHHbie TypSocTpoHTejibHbie 4>npMbi A e “ 
jiaioT pacHinpHiomnecH KOHycbi H3 CTajibHoro hjih uy- 
ryHHoro jihtbh. Tanne KOHycbi 3 KcnjiyaTHpyioTCH des 
33 JIHBKH HX deTOHOM (pHC. 27). 


vided only in exceptional cases. Until recently the fol¬ 
lowing rule was in practice — the lining was applied 
only to the portions where water flow velocity was in 
excess of 5 m/s. At present this velocity limit is increased 
because of advances in the mechanical endurance of 
concrete, so plate steel liners are used only at the 
upper tapered cone of the draft tube. Therefore, the 
discussion given below will concern only the installation 
of tapered cones of radial-axial and adjustable-blade 
turbines. 

B. INSTALLATION OF DRAFT TUBE 
CONE LINER OF RADIAL-AXIAL 
TURBINES 


The draft tube cone liner at most radial-axial 
turbines is a metal construction made of steel plates 
welded together and grouted in concrete from outside. 
Some foreign turbine manufacturers make draft tube 
cone liners of cast steel or cast iron. Such liners are 
operated without concreting (Fig. 27). 

In the modern practice, welded draft tube cone 
liners are installed without provision of recesses, i.e. 



Phc. 27. PaAaajtbHo-oceBaa rHAPOTypSnna c jihtbim. KOHycoM oTcacbtBaiomeH Tpydbi, ne sajmeae- 

MblM B 6eTOH 

Fig. 27. Radial-axial hydraulic turbine with cast draft tube cone without concreting 
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Phc. 28. YcTaHOBKa co6pariHOH b oahh 
6jiok oSjihuobkh KOHyca OTcacuBaiomeH 
Tpydbi 

Fig. 28. Installation of cone liner as¬ 
sembled in one piece 


B COBpeMCHHOM THApOCTpOKTeJIbCTBe M0HT3>K CBap- 
uiiix oSjihuobok KOHycoB OTcacbiBaioiitHx Tpyd npoH3- 
BOftirrCK, Kan npaBHJio, SecuiTpaSHbiM cnocodoM, T.e. 
AO yujianKH deTOHHoro djiOKa ao othx otmctok . B 
Stom cjiyuae odjimiOBKa cjiy>KHT OAHOBpeMeHHO h 
bnajTyoKOft npn deTOHHpOBaHHH deTOHHoro djiOKa. 
IlpeiiMVLiiecTBa THKoro cnocoda saiunouaiOTCH He TOJIbKO 
n oxraiae ot aop orocronntefi onajiydKH, ho h b tom, 
^eroHHnoBaHHe np0H3B0AHTcn b oahh npneM 
BjUecto Anyx npn HiTpadHOM cnocode MOHTa>i<a. OueHb 
BHJKITO II TO, UTO yjIOHCCHHblH TaKHM CIIOCOdOM 6eTOH 
Bcer’Ati 6ojiee bbicokhmh i< auecTB aMH, ueM 

CieTOBj yjioxKCHHbiH b Aua npHCMa, Tan nan npopaSoTKa 
CicTona , yKjiaAbinaeMoro bo BTopon npneM, cepbe3H0 
yxyAmaeTaf H3-3a ctcchchhocth padoTbi b ocraBJieH- 
tfUX mn MOHT£DT<a HITpaflaX. 

OflMiAOBKH KOHycoB OTcacbiBaionmx Tpy6 KpynHbix 
t ii’T|H)BrperaTor: BBHAy hx >Kejie3HOAopo>KHOH Hera- 
dupirniocTH nnudhiBaioT Ha CTpomejibCTBO c 3aB0A0B- 
oTAejiBHbiMH cerMeHTaMH (no 2—4— 
^ hit, u KOMiuicirre), KOTopbie cb apHBaioTCH b oaho 
ucjioc i icnocpe/tcTBciiHo Ha MecTe ycTaHOBKH hjih Ha 
Kmtotlhiutnp cf)opu T iHoii njiomaAKe. B nocjieAHeM cjiy- 
l,h ycTunaBUHHaipT Ha Mecro itejibiM 6jiokom. Ilpn 
l ymiThiiuaTb HajiHune rpy3ono a beMHbix 

TUK KaK DTFl oCjIHUGBKH, KaK npaBHJio, CTa- 
: ; iijtbiMH MexaHH3MaMH, kopau BKCiuiya- 

■^ 1s| !hiae Kpuiibi erne. OTcyTCTByiOT. CSopKa o6jih- 
H-i cScpouuoii miomaAKe h ycTaHOBKa ee Ha 
^ Saokom (phc. 28) hbjihiotch HanSojiee 
pemeHHeM Bonpoca, TaK KaK npn 
■ >k Pau^ihucu paSoTbi b KpaTepe arperaTa h 

Huioicj] CTpoiiT^ibHbie noMexH. KpoMe Toro, 


prior to pouring the concrete to these elevations. In 
this procedure, the liner serves also as a formwork 
during concrete placement into the block. This method 
is favoured not only because it dispenses with costly 
formworks but also because single-stage concreting 
can be used instead of two stages required by a block- 
out method. It is also essential that the concrete placed 
in such a way will have a higher quality than the con¬ 
crete placed in two stages because working of the 
second stage concrete in place is impaired due 
to restricted conditions in the installation block- 
outs. 

Because of limitations imposed by the railway 
clearance gauges, the draft-tube liners for large size 
units are delivered to the job site in sections (2—4—8 
pieces per set) which are welded together in place or 
at an assembly floor. When this is the case, a complete 
liner assembly is installed in position. One should 
take into account, however, availability of hoisting 
mechanisms because these liners are, as a rule, installed 
by construction mechanisms when permanent cranes 
are not yet available. Assembly of a liner at the assembly 
floor and its installation in situ in one piece (Fig. 28) 
is the most practical approach to the problem; it 
cuts time of installation operations in the pit and 
reduces conflicts with construction operations. Besides, 
the bulk of assemblage and welding is carried out in 
more convenient unencumbered conditions. 
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Phc. 29. CxeMa HCnpaBJieHHH HeKOHijeHTpHUHOCTH 
o6jihuobkh KOHyca oTcacbiBaiomeH TpyObi npn 6ec- 
niTpa6HOM MOHTaHce: 

1 —oSjiHqoBKa KOHyca; 2 — bH y tp e hhhh pacTHHOca c TajipenoM; 
3 — Hapy>KHan pacTHH<Ka c TajipenoM; 4 — oceBan cTpyHa; 5 — 
cTOHKa ,hjih HaTH>KKH CTpyH ; 6 — Bcxpe untie kjihhlh (nonKJiaAKa) ; 
7 — oTBecHan yeHTpupyioinaH CTpyHa; 8 — oraec (rpy3); 9 — 6a- 
hok c MacjioM (ycnoKOHTejib rpy3a) 


Fig. 29. Scheme of rectifying the shape of the draft 
tube cone liner during installation without provision 
of block-outs: 

, 1 —cone liner; 2 —inner brace with turnbuckles; 3 — outer brace 
with turnbuckle; 4 — axial string; 5 — post for stretching the 
string; 6 — opposing wedges (seat); 7 — plumb centering string; 
8 — plumb (weight); 9 — oil tank (weight stabilizer) 


SojiLiuaa nacTb paSoT no cdopKe n CBapne nponsBO- 
Ahtch b 6ojiee yaoShbix, HecTecHeiiHBix ycjioBHHx. 

OriycKaTb oSjihaobky b KpaTep — Bee paBHo na- 
CTHMH HJIH nOJIHOCTBK) - CJie^tyeT AO yCTaHOBKH 4>yH- 

AaMeHTHoro KOjn»n;a. Ecjih kohctpykahh rnApOTyp6nHf>i 
n03B0JIHeT 5 TO no B03M0>KH0CTH BMeCTe c oSjihaobkoh 
Hy>KHO ycTanaBJiHBaTb h (JpyHAaMeHTHoe kojibao. B 
3T0M cjiynae AeHTpnpoBaHne n BbiBepny o6jihaobkh 
KOHyca cneAyeT npoH3BOAHTb, 6epn 3a 6a3y pacxoHKy 
h Bepxmoio njiocKOCTb (JjyHAaMeHTHoro kojiba^. OSjih- 
AOBKy KOHyca oSbihho conpnraiox c (fyiinaMeHTiibiM 
kojibaom npn noMon^n conpHraiouterocn noncKa, npH- 
BapHBaeMoro k BepxHeMy xopity oSjihaobkh h k cjjJianny, 
KOTopbiii jih6o noABeuiHBaeTCH, jih6o omipaeTCH Ha 
cJ)jiai-ieA 4)yHAaMeHTHoro kojibao n cflojiHHBaeTCH c hhm 
SojixaMn. 06jiHAOBKa KOHyca, 6yAB 0Ha AejibHOH hjih 
coopaiiHOH H3 oTAexrbHbix cerMeiiTOB, HMeeT, KaK npa- 
bhjio, 6ojibHiHe Hci<a>KeHHH reoMeTpnnecKOH (jpopMbi. 
OHH B 03 HHKai 0 T TJiaBHblM 06pa30M B pe3yJIBTaTe AO^OP” 
ManHH, Bbi3biBaeMbix nepepacripeACJieHHeM Hanpn>Ke- 
HHH nOCJie CBapKH HJIH >Ke oSbHCHHIOTCH He6pe>KHOH 
TpaHcnopTHpOBKOH. HcnpaBJieHHe reoMeTpHnecKOH (|)0p- 
Mbl, T.e. npHAaHHe oSjIHAOBKe KOHACHTpHHHOCTH, 
npoHSBOAHTCH c noMOHjbio pacTHHceK c TaJipenaMH, 
AOMKpaTOB h Apyrnx pacTHrHBaiomHX h pacniHpmomHX 
ycTpoiicTB. Te H3 3 thx ycTpOHCTB^ KOTopbie pacnojic- 
>KeHbI C BHCHIHeH CTOpOHbl KOHyca, OCTaiOTCH B 6jIOKe 
H 3aJIHBaiOTCH SeTOHOM, BHyTp eHHHe Hce CHHMaiOTCH 
(ho TOJibKO nocjie 3 aTBepAeBaHHH fleTOHa). CxeMa 
HCnpaBJieHHH HCKOHACHTpHHHOCTH OSJIHAOBKH KOHyca 
OTcacbiBaiomeH TpySbi npn SecmxpaflHOM MOHTa>Ke 
npHBeACHa Ha pnc. 29. 

Ecjih KOHyc OTcacbiBaioiijeH Tpy 6 bi npeACTaBJineT 
C 060 H JIHTyiO KOHCTpyKAHIO, KaK 3TO SblJIO noKa3aHO 

Ha pnc. 27, TO MOHxa>K ee cboahtch k cflopne Ha flojixax 
otacjibhbix KOJieit hjih ceraeHTOB b oaho nejioe. Hnna- 


The liner, either in sections or in one piece, should 
be lowered in place prior to installation of the foun¬ 
dation ring. If the turbine construction permits, the 
foundation ring should be installed, whenever possible, 
together with the liner. In this case, the liner should 
be centered and checked for alignment with reference 
to the bore and upper surface of the foundation ring. 
The draft tube liner is usually joined to the foundation 
ring through an intermediate band to be welded to 
the top butt of the draft tube liner and to the flange 
which is either suspended from or carried by the 
foundation ring flange and is bolted to it. The draft 
tube liner, whether in one piece or sectionalized, usually 
has serious distortions of shape. These distortions: 
result primarily from deformations caused by redistri¬ 
bution of stresses after welding or negligence in handle 
ing. Rectifying the geometry, i.e. concentric shaping 
is done with the aid of turnbuckles, jacks and othei* 
stretching and expanding devices. The devices which 
are located outside the cone are left in the concrete 
and are grouted up. The inner devices have tp be- 
removed (but only after hardening of concrete). A 
scheme of rectifying the shape of the draft tube cone 
liner when it is erected without provision of block- 

outs is shown by Fig. 29. 

In the draft tube cone is of a cast construction* 
as is shown on Fig. 27, its installation consists \i 
assembly of separate rings and sections by bolting 
them together. No concentric shaping can be done 
because this construction is adequately rigid and 
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KHX HCnpaBJieHHH HeKOHAeHTpHHHOCTH ACJiaTL y>Ke He 
npHXO AHTCH, TaK KaK 3Ta KOHCTpyKAHH AOCTaTOUHO 
HcecTKan, a Bee njiocKOCTH pa3bema oTAeJibHbix 3Jie- 
MeHTOB ee MexannuecKH oflpadaTbiBajiHCb h cobnpajiHCL 
Ha 3 aBOAe-H 3 roTOBHTejie. BHyTpeHHHH noBepxHoexb 
KOHyca TaK>Ke oSpaSaTbisajiacb Ha 3aBOAe: oHa pacTa- 
HHBajiacb Ha cxaHKe, KorAa Bee sjieMeHTbi KOHyca y>i<e 
SblJIH COdpaHbl B KOJTMJO. IIopHAOK cSopKH OTAeJIbHbIX 
nacTefi TaKOH oSjihaobkh onpeAejineTcn KOHCTpyKijHeH 
ee conpnraioiAHxcH ajieMeHTOB h b ochobhom aiiano- 
rnueH pasoSpaHHbiM BapnaHTaM AJm cxajibHBix cBapHBix 
oGjihaobok. Bee peKOMeHAaijHH, KacaBuiHecn MOHTa>Ka 
CTaJIbHbIX CBapHbIX 06 JIHAOBOK, ACHCTBHXeJIbHbl H A-TCH 
3Toro CJiyuan. 

IlepeA CAaneii oSjihaobkh noA SeTOHHpOBaHHe ee 
npoBepaioT; onpeAeJinn npaBHJibHocTb yCTaHOBKH h 
HaAOKHOCTb KpenjieHHH. X(aHHbie o 3aMepax nojio>Ke- 
hhh oSjihaobkh, npeA'BHBJieHHOH noA SeTOHHpoBaHHe, 
3 aHOCHT B (jjOpMyjinp (pHC. 30). B 3T0T >kc 4)opMyjiHp 
BnHCBIBaiOT AaHHbie 06 OTKJIOHeHHHX OT npOeKTHbIX 
pa 3 MepoB, AonycKaeMbix xexHHHecKHMH ycjiobhhmh Ha 
MOHTanc rHApoarperaTOB (Taflji. 2). 


split joints of separate members were machined and 
assembled in the shop. The inner surface was also 
machined in the shop — it was bored at the machine 
tool after assembly of all the cone elements in a ring. 
The assembly procedure for separate sections of such 
a liner is governed by the design of mating members 
and is basically similar to the alternative procedures 
developed for the welded plate-steel liners. All recom¬ 
mendations related to the installation of plate-steel 
liners are applicable to this case as well. 

Prior to releasing the liner for concreting it has 
to be checked for alignment and reliability of attach¬ 
ment. Readings taken on the alignment of the liner 
to be released for concreting, should be entered into 
a record sheet (Fig. 30). Filled in this record sheet 
are also data on deviations from the design dimensions 
allowed by the Technical Specification for installation 
of hydraulic units (Table 2). 


£-- X7i -—H 
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Phc. 30. <t>opMyjrap Ha ycTanoBKy o6jihu;obkh KOHyca oTcacbi- 
BaiomeH TpyObi rn ApoTyp 6hhbi 

Fig. 30. Record sheet of installation of draft tube cone liner 



Pasiwep no 
nepienty 

Size acc. to 
dwg 

<t>aKTHnecKne pa3Mepm no ochm, mm 

Actual sizes in axes, mm 

OTKJIOHeHHe, MM 

Deviation, mm 


+ 

+ 

M 

+ 

i 

+ 

1 

1 

1 

* 

1 

+ 

1 

4>aKTHnecKoe 

MancHMajibHoe 

actual max. 

aonycTHMoe no TY 

permissible acc. to 
specification 

V 1 (M) 

(m) 













npertCTHHUtiitt* 

Representatives 


Mo | n u j, »y nilcipraKa aainin 

fflMulIntitrn organisation 


d ^ Ul-H MrOTOBHTCJlH 

^ Mni|;tctur mg plant 

1 


cpaMHJIHH 

Name 


IToflmicb 

Signature 


Aara 

Bate 
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T a 6 ji h n a 2 


ftOnyCKH HA MOHTA3K 
OKJlimOBOK KOIiyCA 
OTCACbIBAtOmHX TPyB 
PAflHAJIbHO-OCEBilX 
H nOBOPOTHO-JlOnACT- 
HbiX rHflPOTyPBHH 


INSTALLATION 
TOLERANCES FOR DRAFT 
TUBE LINERS 
OF ADJUSTABLE-BLADE 
AND RADIAL-AXIAL 
TURBINES 


XapaKxep otkjiohchhh 

MecTO 3 awepa 

AonycTHMoe oTKJioHeHiie (mm) 

EJIh paGonero KOJieca rHApoxypGuHbi 
AnaMexpoM (He 6oJiee), mm 



2000 I 

1 

3000 

5000 

7200 

9300 

HeAHJIHH£pH*IHOCTb 

A R 

BepXHHH H HH5KHHH TOpIJbl 06 - 
JIHKOBKH 

5 

6 

10 

15 

20 

CMememie och o 6 - 

JIHIJOBKH OT BepTH- 

Ot sepTHKajibHoii och arperaTa 
Ao sepxa o 6 jihijobkh 

5 

6 

8 

10 

12 

KajiLHOH och arpe- 
raTa Ax h A^ 

HeropH30HTajibHOCTb 

BepxHHH Topen oSjihijobkh KO¬ 
Hyca hjih BepxHHH (JjjiaHen Ha 
Heii 

4 

6 

10 

12 

15 


Table 2 


-- , - 


Tolerance (mm) for runner diameter 




(not more than), 






mm 



Type of deviation 

Place of measurements 








2000 

3000 

5000 

7200 

9300 

Deviation from cy¬ 

Upper and lower butt ends of 






linder shape A R 

liner 

5 

6 

10 

15 

20 

Displacement of li¬ 

From vertical center line of 






ner axis with respect 

unit to top of liner 

5 

6 

8 

10 

12 

to vertical center line 
of unit. Ax and Ay 
Deviation from level 

Upper butt end of liner or 
upper flange 

4 

6 

10 

12 

15 


B. MOHTAHC OBJIHAOBKH 
PACIIMPMIOlIJErOCJI KOHVCA 
OTCACBIBAIOIUEH TPYEbl 
nOBOPOT HO- JIOIIACTHOH 
ra^POTypBHiiti 

OSjihaobkh KOHycoB OTcacbiBaion^Hx Tpy 6 noBO- 
pOTHO-jionacTHbix thap OTy p 6hh AejiaiOTCH cBapHbiMH 
h 3 crajiLHbix jihctob aHajiorHUHo pasoSpaHHbiM paHee 
oSjiHi^OBKaM. pa^najibHO-oceBbix rHApoTyp 6 HH. Bepx¬ 
HHH Topeu 3thx o6jihaobok conpnraeTCH jih6o c (fjyHfla- 
MeHTHblM KOJIblJOM, JIH 60 HeilOCpe^CTBeHHO C KaMepOH 
padonero KOJieca nepe 3 cneAHajiBHBiii conpnraioiAHHCH 
none. 3tot none oahoh rpaHbio npHBapHBaiOT k o6jih- 
AOBKe, a Apyroii — k (JpyHA&MeHTHOMy KOJibuy. Ecjih 
b KOHCTpyKi^HH ra ApOTy p 6hhbi (JjyHAflMeHTHOe KOJIBI^O 
OTcyTCTByeT, to BTOpyio rpaHB conparaiomerocH nonca 
npHBapHBaiOT Henocpe^cTBeHHO k rm>KHeMy noncy Ka- 
MepBi pafionero KOJieca. ConpnraioiAHHCH none AeJiaioT 
c 3 anacoM no bbicotc Toro, hto6bi ero mo>kho 


C- INSTALLATION OF DRAFT TUBE 
CONE LINER AT ADJUST A BLT>RIADE 
HYDRAULIC TURBINE 


The draft tube cone liners of adjustable-blade 
turbines are made of welded steel plates similar to 
the liners of radial-axial turbines that were discussed 
above. The upper butt ends of those liners ate joined 
either to the foundation ring or directly to the runner 
case through a special intermediate band. One edgt 
of this band is welded to the liner, the other to tin 


in the design of a hydraulic turbine, then ihe l, PP u 
edge of the intermediate band is welded to the disclurji 
ring. The intermediate band is fabricated with e 
height to enable the band to be trimmed and fit*-. 


70 


6bijio o6pe3aTb h nofloraaTb no MecTy. no^roHKy h 
npHBapny conpHraiomerocH nonca o6biuiio nponsBoaHT 
nocjie ycTaHOBKH h i^eHTpup ob aHHH Bcero Hn>Kiiero 
y3jia 3aKJiaAHbix nacTen h npOBepKH npaBHJibHocra 
ycTaHOBKH ero no HHJKHeMy KOJirny iianpaBJiHioiAero 
annapaTa. npHBapHBaTB conpnraioiAHHCH none k <$yn- 
^aMeHTHOMy KOJibny h oGjihaobkc KOHyca ao ycTaHOBKH 
HH>KHero KOJibna HanpaBJimomero annapaTa He peno- 
MeHAyCTCH, TaK KaK B 03M0>KHbI OTKJIOHeHHH JIHHCHHblX 
pa3MepoB BBicoTBi oTAejibHbix hohcob KaMepbi pa6o™ 
nero KOJieca h HH>KHero KOJitna i-ianpaBJiHxomero anna¬ 
paTa. 3 th OTKJIOHeHHH MOTyT npHBeCTH K 3aHH>KeHHIO 
hjih 3 aBBmieHHio noJio>KeHHH HH>KHero KOJibAa Ha- 
npaBJimoiAcro annapaTa. 

Ecjih no KaKHM-jinSo cooSpanceHHHM Bee >i<e noTpe- 
byeTCH CAaTB namepy pabonero KOJieca noA SeTOHHpo- 
BaHHe ao ycTaHOBKH HH>KHero KOJibira, to npe>i<Ae, 
neM npHCTynHTB k 3aBapne conpnraioiAerocH nonca, 
HeobxoAHMo npoBepHTb b HaType BbicoTHbie pa3Mepbi 
HH>KHero KOJibira nanpaBJiHiomero annapaTa. 3 to no3- 
BOJIHT, yHTH B03M0>KHBie OTKJIOHeHHH no HHJKHeMy 

KOjn>Ay 5 BbiCTaBHTB (JjjiaHen BepxHero noaca KaMepbi 
pabonero KOJieca Ha ynce CKoppeKTHp ob aHHyio OTMeTKy. 
Bo BCeM OCTaJIBHOM MOHTa>K objIHAOBOK KOHyca OTCaCBI- 
Aaioumx Tpyb noBopOTHO-jionacTHbix rHApoTypbHH 
npOHSBOAHTCH nOpHAKOM, y>I<e OnHCaHHBIM npHMeHH- 
TCJIbHO k p a Ana JIBHO - 0 ceB BIM THApoTypbHHaM. ^onycKH 
Ha oTic.TTOHeHHH bbiJin npHBeAeHbi b xabji. 2. 

Kpynnoj'abapKTiibiM ob jihaobkum , cobpaHHBiM Ha 
cboponiTOH njioiAaAKe nepeA nepeHOCOM Ha Mecro, 
npHAaeiCH AonojiHHTejiBHaH >i<ecTKocTb ycraHOBKOH 
BiiyrpH hx pacnopoK. 

Vauumbim pemeHHeM hbjihctch cbopna objiHAOBKH 
Hi! cnctm R JIbHOM KOHAyKTOpe (pHC. 31). 


in the field as required. The intermediate band is 
usually fitted and welded after installation of the entire 
lower assemblage of embedded parts and checking 
for its alignment with reference to the lower wicket 
gate ring. It is not recommended that the intermediate 
band should be welded to the foundation ring and the 
cone liner prior to installing the lower wicket gate ring 
because there may be deviations in the vertical dimen¬ 
sions of separate rings of the runner chamber and the 
lower wicket gate ring. These deviations may cause 
the lower ring to be placed not to elevation (too high 
or too low). 

If because of some reasons the runner case has to 
be released for concreting prior to installing the lower 
ring, it is necessary to check actual vertical dimensions 
of the lower ring before welding the intermediate band. 
This allows for setting the flange of the upper throat 
ring to the revised elevation with due regard to possible 
deviations in the lower ring. All other installation 
operations on the draft tube liner of adjustable-blade 
turbines follow the sequence described for radial- 
axial turbines. 

For tolerances see Table 2. 

Large-size liners assembled on the assembly floors, 
are stiffened by struts prior to handling to the place of 
installation. 

It is good practice to use a special jig (Fig. 31) 
for the assembly of liners. 
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4-5. CTATOPM H CTATOPHME 

kojiohhbi rn;u’OTypEHii 

A. KOIICTPVKHHM CTATOPOli M HX 
HA3HAHEHHE 

XoTH CTaTOpM I'Ha pOTVpUHIII jI IIPCACXaF!JICIII.)I isecij- 
Ma pa 3 JIHHHMMH KOHCTpyKHHHMH H ofijiaAaiOT MHOrHMH 
OpHrHHajIbHbIMH OCOfieHHOCTHMH, TeM He MeHee HX 
mohcho o6i,eAnnHTb b TpH ocHOBHbie rpynnw. K nep- 
BOH rpynne othochtch CTaTopw c HeoTteMHMMH kojioh- 

HaMH. 3t 0 OTHOCHTejIbHO >KCCTKHe KOJIbHeBbie JIHTbie 
HJIH CBapHbie KOHCTpyKHHH H3 BepXHerO H HH>KHerO 
kojica, mokay KOTopbiMH pacnojio>KeHM kojiohhm, 

COCTaBJIHIOmHe C 3THMH KOJIbH3MH OAHO IICJIOC. TaKHe 
CTaTOpM aah rHApoTVpoim ooAbiiiHX ra6apHTOB acjuiiot 
H 3 OTAejibHMX cerMeHTOB, coeAHHHeMbix Apyr c ApyroM 
60JIT3MH (pHC. 32). CTaTOpM He60JibHiHx rHApoTypSm-i 

H3rOTOBJIHK)T IiepaaBCMIII.I.MII. 

Bo BTopyio rpynny bxoaht crai-opti, coeAHiraeMLie 
H3 ycTaHaBJiHBaeMbix Ha 6eTOH CTaTOpHBix kojiohh, k 
KOTO pbIM IipiIKpeilJIHIOT TOJIbKO OAHO BepXHee KOJIbHO. 
B HeKOTOpbIX KOHCTpyKAHHX I'HAPOTypGHH 3TO KOJIMJO 
HBJiHeTCH OAHOBpeMeHHO h BepxHHM kojibaom HanpaB- 
jiHiomero annapaTa (pnc. 33). 

CTaTopbi TpeTbeft rpynnbi, npeAHa3iiaHeHiibie ahh 
B bicoKOHanopHbix paAHajibHO-oceBbix rn ApoTy pSnii, ot- 
jiHBaioTCH H3 CTajxH 3 a oaho nejioe co cmipajiBio, koto- 
paH, B 33 BHCHMOCTH OT TaSapHTOB, COCTOHT H3 A B yX 
HJIH HeTbipex HacTeft, coeAHHHeMbix Me>KAy co6oh 6oji- 
TaMH. Moirra>K cTaTopoB Tperi>eii rpynnbi mm paccMO- 
TpHM B § 4-7 npH onHcaHHH MOHTama cnnpajibHbix 
naMep. 

CTaTOpM I'IIAPOTVP6II1 1 (3a HCKJIIOHeHHeM CTaTOpOB 
I'lIAPOTypiIHII C JIHTbIMH CnHpajIHMH) BOCnpHHHMaiOT 
Ha ce6n h nepeAaioT cJiyHAaMeHTy cyMMapHyio Harpy3Ky 
ot Beca rHApoarperaTa, nepeAaBaeMoro nepea fiexoH- 
HMft 6 jiok, h Beca caMoro 6eTOHHoro fijioixa, omipaio- 


4-5. STAY RINGS AND STAY VANES 

A. MECHANICAL DESIGN OF STAY BINGS 
AND THEIR FUNCTION 

Though the stay rings vary rather in construction 
and incorporate many original design features, they 
can be divided into three basic groups. 

The first group includes stay rings with integral 
stay vanes. They are relatively rigid circular cast or 
welded structures built up of upper and lower rings 
with stay vanes in-between which are made integral 
with the rings. Such stay rings for large-size turbines 
are fabricated in sections to be bolted together (Fig. 32). 
The stay rings for small-size turbines are fabricated 
in one piece. 

The second group includes stay rings which are 
made of stay vanes to be placed on the concrete and to 
which only the upper ring is fixed. In some designs 
of hydraulic turbines, this ring serves also as the upper 
wicket gate ring (Fig. 33). 

The third group includes stay rings intended for 
high-head radial-axial turbines; they are cast of steel i 
integral with the scroll case which, depending on theil 
size, consists of two or four sections that are bolted 
together. Installation of the third group stay rings 
will be discussed in Section 4-7 when describing thM 
installation of scroll cases. 

The stay rings (except for the stay rings cast inltf*: 
gral with scrolls) take and carry to the foundation tilt: 
aggregate load due to the hydropower unit mass to be 
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Phc. 32. MoiiTa>K cei'mCiiTFB 
cTaTOpa rHflpoTypSHHbi 

Fig. 32. Assembly of welded 


stay 


Phc. 33. MoHTa>K BepxHero KOJitua CTaTOpa, hbjih- 
lomerocH OAHOBpeMeHHO BepxHHM kojieijom Hanpa- 
BJiHiomero annapaTa 

Fig. 33. Assembly of upper slay ring which is 
also wicket gate crown plate 



rnerocH Ha craTop, a TaiOKe ot oceBoro AaBJiennH noTOKa 
bo^bi, fle&CTByiomero Ha pa6onee KOJieco. B ra^po- 
TypCJBimx c jihtbimh cmipajiHMH bch 3Ta narpy3Ka 
BOcnpiimiMaeTCH ot^cjibhbimh 6ctohhbimh onopaMH. 

yMeHbiHHTB conpOTHBJieHHe noTony boabi, ko- 
jiomiaiu npn/jaiOT oSTeKaeMyio (j>opMy, a hhcjio hx 
^ eitaioT no bo3mo>khocth MajibiM — oSbihho paBHbiM 
itmdbhhc HHCjia jionaTOK HanpaBJiniomero annapaTa. 
PacnojiaraiOT kojiohhbi nporaB JionaTOK HanpaBJimoiqe- 
vo atiHapaTa, a He nporaB KaHajioB MOK^y JionaTKaMH, 
no KOTOpbIM npOXO^HT nOTOK BO^BI. y paAHaJIBHO- 
occieIjIx nmpoTypfmii k BepxHeMy h HH>KHeMy KOJibijaM 
craropa npn noMoupi CBapKH hjih KjienKH npiiKpeiuimoT 
cimpajihHyio KaMepy. Y noBopoTHO-jionacTHBix rimpo- 
TyppjiH k nepHt|iepHMiibiM rpanmiaM BepxHero h hh>k- 
nevo KOJieq CTaTOpa o6bihho npnMbiKaioT MeTajuinnec- 
Ktic .mnjTbi oCvnimoBittij noTOjina h KOHyca cimpajibHOH 
Kmepbt, 


transmitted through the concrete block and the mass 
of the concrete block resting on the stay ring as well 
as due to the axial flow thrust acting on the runner. 
In hydraulic turbines with cast scrolls all this loading 
is taken by separate concrete support piers. The stay 
vanes are streamlined to reduce resistance to the 
water flow; the number of vanes is reduced to a mini¬ 
mum — it usually equals half the number of wicket 
gates. The stay vanes are located opposite the wicket 
gates but not opposite the water passages between 
wicket gates. On radial-axial turbines, the scroll case 
is either welded or riveted to the upper and lower 
stay rings. On adjustable-blade turbines, steel plates 
of the scroll case liner, roof and cone adjoin the upper 
and lower stay rings around the periphery. 


B. MOHXAHC CTATOPOB C 
Hl-'OTTiEMHblMH KOJIOHHAMI1 


II. INSTALLATION OF STAY RINGS 
WITH INTEGRAL STAY VANES 


- up j- m4->j i ?iTb uuuum HcpaabeM 

k iPyiOfTLIO HJIH COCTOHTb H3 OT^eJIBHBIX Cen 
^ HL ' C ortepainm no MOHTaH<y Hepa3beM] 

\ <u ucipenaioxoi npii MOHTan<e CTaTOpa pa3beiv 
^ l f to i to Ti36eH<ariHe noBTopeHHH mbi 

r Ipnn U\mt JHIIUL 3T0T nOCJieAHHH MOHTa>K. 

' ■l '^mne ne paccMOTpeH h BapHarrr j 

pu:i BCMHofi KOHcxpyKHHii, no KOTOf 
a cooHpai.OT noriapiio hjih b 06 
1 '" ’Gj .tHou cOopounofl njiomaAKe, a 


As is said above, a stay ring with integral stay 
vanes can be of a one-piece or a sectionalized construc¬ 
tion. Since all operations on installation of a non-deta- 
chable stay ring are met within installation of a split 
stay ring, we are going to discuss only the latter’s 
installation to avoid repetitions. For the same reason, 
we are not going to dwell on the alternative erection 
procedure for split stay rings under which the stay 
ring sections are assembled in halves or in a ring on 
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M cxaxop b BH A e bobhocxmo co6 P aHHoro — 

vcxaHaBJiHBaiox Ha c^yHflaweHX. ■ cer0 

y c opeHM 3MB®*™ BeaeHM Been. 

oooonorHO-JIonaCTHWX IlIijpOTypOIlH npOHBBC- 

;rp— — 

MeB ™“ 0 “ " poBTera* PHaBBTOBBHO patumie n P K " 

— K ^py—= 

nonreHepaTopHoro MaccHBa^ Mo mp!m . 

-> — - 

H ° M y “mHHCXBa noHcxpyKHHH pajP^anw.® 
nTvnfiHH cxaxop ycxanaBJiHBaiox hhwhhm kojibhom 

rHAP 0T YP Moray tbJiaHijaMH othx 

H a cbyHflameHXHoe kojibho. Moray V 

I J V noBOpcxHO-AonacxHBix rHflpoxyp6HH cxa- 

xoTcTaBHX na 4 >yH ? a M eHTHBie hjihxbi ®^ JT0 
JU BCero, Ha naacHHHaTB.O nOHKmwKm ® ™ 

npyr o» cnymm* (c». 

xopa npHJieraiox napHbie bcif 

P ” C CTaTOP paaMMHoit KOHCrpyKHHH o&nmo mohth- 

:r™;otr“—*:^ h» 

cbjianne cbyHAaMeHXHoro KOJiBpa, nposepKe noca 
— HHH nOBepOHHOH — 

h nnoroHKe oxBepcxHH Kpenjiemw. n P H MOHxa>K 

noBopoxHO-HonacxHBix rHA P oxyp6HH noAroxoBKy m- 
HHHar c npoBepKH ycxaHOBOHHBXX SexoHHBxx ^ 

™ n P H 3XOM ocoRoe BHHMaHHe oRpamamx «a xo 
fi RexoH HOA MexajuiHHecKHe npoKJiaAKH 6biJi 
POBHO HOAPySnen AO xpeRyemofi oxmcxkh h hmch Hacen- 


Phc. 34. CxeMa 

poTHO-JionacTHOH (a) h paftHaju»n 
(6) rHflpoxypRHH: ncBO poT H o- 

1 — c^yHAaMeHTHbiH 60 J 1 T, scrpeHHbie napHbie 

ESir Uc- teHS"KOH~pe3aTB 3a P n o«- 

J1HUO) 


Fig. 34. Installation of stay rings of ad¬ 
justable-blade (a) and rad.al-ax,al (6) tur 

^foundation boit; 2-M 

blade turbine; 3 — opp ^J” g . 6 — stay ring of 

plate shims; ^"-concrete ^ ring; S —oppo- 

- ends shall 

be cut flush) 


the assembly Hoot and then the complete stay ring 
assembly is installed in posibon. 

In terms of efficient performance of the ent 
package of construction and installation work ,t is 
P ull, a good practice to install the stay rmgs of d- 
iustable-blade turbines before the mstallation of run 
ner cases with foundation rings. Such a sequence ■ 
installation operations enables the H 

at earlier dates construction of a rat er 
concrete block under the generator. With ^ 
sequence of operations, installation o 
irma, be conducted concurrently with the co - 
s ,ruction activities at the under-generator coner. 

block 

For most designs of radial-axial turbines, the lo«I 
stay ring is placed onto the foundatton nng. A ruo . 
cord red lead or some other sealing matenal «fl 
vided at the joint between the two rings. On adjustabg 
htde turbines, tbe sta, r,„g is pieced on the <— 
or sole plates. In either case, opposing pai J 

wedges are fitted directly to the stay ring angw I 

A split stay ring is usually erected in th( ' foU °3 
sequence. The seats at the foundations should . ^ I 

oughly prepared and checked before instaa^ o^jj 
sections. In the installation of radial-ax ^ \ 

preparation boils down to removal of burrs “ 
on the seating flange of the foundation ring cheek I 
the seat surfaces with a straight e ge or 

rule and chasing the bolt holes. ij 

In the installation of adjustable-blade 
preparation is started with checking the — 
foundation. The concrete under sole p J 
trimmed to the elevation and chippe . 
for foundation bolts must be cleaned and 


Ky. IIlTpa6bi noA (JjyimaMeHTHbie SojiTbi na^o TiqaTejibHO 
otocthtb h To>Ke Hace^b. r OTOBHOCTb cJ}yH£aMeiiTOB 
K MOHTa>Ky Heo6xOAHMO 3a(|)HKCHpOBaTb B aKTe. B 
<J)opMyjiHpe, npHJiaraeMOM k aKTy, cjie^yex yKa3aTb 
pacnojio>KeHHe b njiaHe (JjyH^aMeHTHbix onop n niTpa6 
no a 6ojiTbi. 

Ilocjie npoBepKH h npneMKH 4)yH^aMeHT0B nofl 
MOHTa>K Ha^o 3ajio>KHTb b iHTpa6bi cfiyH^aMeHTiibie 6oji- 
Tbi, Ha (£>yHAaMeHTHbix onopax ycxaHOBHTb (JjyH^aMeHT- 
Hbie njiHTbi hjih njiacTHHbi, a Ha hhx — napHbie 
BCTpeHHbie KJIHHbH. OraBHTb nO^KJiafliKH H KJIHHbH 
Ha^o c TaKHM pacneTOM, htoSbi oTMeTKa BepxHen nnoc- 
kocth BepxHero KJinHa 6buia Ha 2— 3 mm hh>kc npoeKT- 

HOH H HT 06 bI KJIHHj, B CJiynae Ha^o6HOCTH, MOr 6bITL 
noA^HX b cxopoHy no/j'beMa. IIo 1 n;Kjia l n;KH h KJiHHbn 
CJieAyex cxaBHXb pa^HajibHO, jiynrne Bcero no Asa kom- 
njienxa Ha Ka>KAyio onopHyio njioiAaAKy, jih6o c BHyx- 
peHHen, jih6o c Hapy>KH0H cxopoHbi (|>yHAaMeHXHbix 
Bojixob, BnjioxHyio k nocjieAHHM (puc. 35). 

IIoAroxoBKa cerMeHxa exaxopa HaHHHaexcn co chh- 
THH KOHCepBHpyiOIAHX nOKpblXHH H C 3aniIJI0BKH 3a6oHH 
h 3ayceHiieB Ha conpnraioiAHxcH njiocKOCxnx, a xaione 
b OTB.fip cthhx noA uixn(|)xbi. 3axeM b OKHa Me>KAy 
KOJioHnaMi^ exaxopa nponycnaiox expon. K Mecxy yexa- 
hohkh cxaxop noAaiox oahhm hjih AByMH KpaHaMH . 
Mecxo na>KAoro cerMeHxa (ero HOMepa, BbiSnxoro Ha 
hjih b ApyroM Mecxe) aoji>kho 6bixb BnojiHe 
onpeAejieHiTijLM b 3 aBHCHMO cxh ox npoAOJibHoii h no- 
HepcHHoS ocen arperaxa, noxopbie cooxBexcxBeHHo 
AOJHKiibi coBnaAaxb c ochmh x h y 9 HaHeceHHbiMH Ha 
GTaTOpSp 

ytxaHonKy Haqmiaiox c oAHoro H3 cerMeuxoB, 
HMeiouxHx HaHeceHHyio ocb x hjih y . YcxaHOBHB nepBbiH 


Readiness of the foundations for installation must 
be recorded in the certificate. A record sheet attached 
to the certificate should contain the plan view of sup¬ 
port piers and bolt block-outs. 

After checking and acceptance of the foundations 
for installation, the foundation bolts must be dropped 
into the block-outs, foundation plates or sole plates 
placed on the foundation piers and surmounted by 
opposing pairs of wedges. The sole plates and wedges 
should be placed 2—3 mm below the design elevation 
to enable the wedges to be packed up, if necessary. 
The sole plates and wedges should be arranged radially, 
preferably two sets per seat either from the inner or 
the outer side of the foundation bolts and close to 
them (Fig. 35). 

Preparation of the stay ring sections begins with 
the removal of protective coatings and grinding of 
bruises and burrs on the mating surfaces and in the 
dowel holes. Then a sling is passed through the opening 
between the stay vanes. The stay ring is handled into 
position by one or two cranes. Each stay ring section 
must occupy a definite place depending (identified 
by its number engraved on the flange or anywhere 
else) on the longitudinal or transverse axes of the hydro- 
power unit which must coincide with axes x and y 
marked out on the stay ring. 

Installation begins with one of the sections marked 
with axes x or y. Once the first section has been placed 
on the foundation piers, its alignment begins. Align- 



Phc. 35. CxeMa pacnojio>KeHHH (JjyHjiaMeHTHbix Gojitob h onop 
cTaxopa rHApoTypSuHbi: 

1 —BCTpeTObie napHbie KjiHHbH ; 2 — niTpa6bi nofl (JiyHAaMeHTHbie SoJiTbi; 
3 — iHTpaflbi noA najibijbi tfciyHAaMeHTHbix 6 ojitob 

Fig. 35. Location of foundation bolts and supports of turbine 
stay rings: 

1 — opposing pairs of wedges; 2 — block-outs of foundation bolts; 3 —■ block- 
outs of foundation bolt pins 
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ceraem Ha (jiyHMaMeHTHbie onopbi, npHCTynaioT k ero 

I^eHTpHpOBaHHIO. 3 t 0 £OJI>KHO 6bITb BbinOJIHeHO B OT“ 
hohichhh nepBoro cerMeHTa oco6eHHO TiqaTejibHO. 

SaTeM cerivieHT BpeMeHHO pacKpeiuiHiox Ha ero 
coScTBeHHbix onopax. Y pa^naJiBHO-oceBbix rHMpo- 
Typ6HH TaKoe KpenJieHHe npOH3BOMHTcn nyTeM noM- 
th>kkh cerMeHxa SojrraMH k (l)yn^aMeiiTHOMy KOJiBijy, 
a y noBopoTHO-JionacTHbix rn^poTypSuH — nyTeM 
noATH>KKH cerMeHTa k onopaM $y hm um eiiTH bimpi 6oji- 
TaMH. Ecjih uiTpaSbi no m 4 )yH,qaMeHTHbie 6ojm>i c^e- 
JiaHbl TaKHMH, HTO 3 TH SoJITbl MO HX 3 aJIHBI<H SeTOHOM 
He MoryT BoenpHHHMaTb Ha ce6n Harpy 3 Ky, to Kpenne- 
Hue nepBoro cerMeHTa npoH 3 BOMHT jih6o c noMombio 
pacTHHceKj 3aijenjiHeMbix k KaKOH-Jinfio HenoMBH>KHOH 
KOHCTpyKIJHH, JIh6o nOCpeMCTBOM npHBapKH KyCKOB 
apMaTypbi k BepxHCMy KOJiBijy CTaTOpa h k BbinycnaM 
apMaTypbi 6eTOHHoro KOHyca cnHpajin. Tanoe Kpeiuie- 
HHe, KOHenHO, mojbkho 6 bm> cMenaHO BnojiHe HaMencHO, 
HTo6bi He MonycTHTB HaKJiOHa hjih naMCHHH cerMeHTa. 
IlocJie KpemienHH HaMO npOBepHTB: no OTBecy — Bep- 

THKaJibHOCTb, no ypOBHK)-r 0 pH 30 HTaJIBH 0 CTb, a no 

pyjieTKe ot och mo KpOMOK CTbina — ero nononceHne 
OTHOCHTeJIbHO OCH. 

IIocjieMyioiMHe cerMeHTbi ycTaHaB jihb aipT TannM >Ke 
nopnMKOM, cSojiHHBaa nocjieMOBaTejibHo ctbikh pa3x.e- 
Ma paHee ycTaHOBJieHHoro cerMeHTa co bhobb ycraHaB- 
jiHBaeMbiM. IlepeM saTHruBanneM ctbikob 6 ojrraMH 
ycraHaBJiHBaeMbiH cerMeHT mo- t ih<ch 6bitb npuneHTpH- 
pOBaH k paHee ycraHOBJieHHOMy Tan, hto6bi OTBepcran 
noM npHnacoBaHHbie hith^tbi, KOTopbie hmciotch b 
KancMOM crbiKe, B3aHMHO coBnaMaJiH h hto6bi b 3 th 
OTBepCTHH M05KH0 6bIJIO yCTaHOBHTB IHTH(f)TbI. Bo 
H30eH<aHHe noHBJieiiHH 3a6oHH h bmhthh pa3T>eMHbie 
njIOCKOCTH BO BpeMH MeHTpHpOBaHHH iipeMOxpaHHioT 
npoKJiaMKaMH H3 (JjaHepbi hjih npeccinnaHa. Kan tojibko 
ycraHOBJieHHbie h cnapeHHtie MOKsy co6oh cerMeHTbi 
npnoGpeTyT xapaicrep yctohhhboh kohctp}'kuhh, nen- 
TpHpoBaHHe BToro yKpynHeHHoro cerMeHTa cneflyeT 
npOBepHTb OTHOCHTeJIbHO OCH H no BbICOTe, C TeM HTOSbl 
b AajibHeftuieM nojiHOCTbio coSpaiiHoe TiDKeiioe koiilho 
MeHBine npnxoMHJiocB nepeMeinaTB no ropn30HTajiH h 
no BbicoTe. 

YcTaHOBKa nocneMHero cerMeHTa CTaTopa HHorMa 
HaTajiKHBaeTcn Ha HeKOTOpbie aaTpyMHeHHH. 3 to Bbipa- 
>KaeTCH b tom, uto oh, KaK npaBHJio, He BnncbiBaeTCH 
b ocraBJieHHoe m^ h Hero MecTO. HTofibi 3aBecTH noc- 
jieMHHfi cerMeHT Ha ero Mecro, npnxoMHTCH paHee co6- 
paHHoe h enje He coMKHyToe kojibijo hcckojibko pas- 
MaTB no OKpyHCHOCTH. OSblHHO 3 T 0 np 0 H 3 B 0 MHT C 
noMOiMBio pacTHJKeK c TajipenaMH, npHKpenjineMbix k 
rpaHHMaM 3Toro HenojiHoro KOJiBija h k apMaType 6 ctoh- 
HOrO MaCCHBa HJIH K KaKHM-JHl6o MPyrHM HenOMBHHCHbIM 
KOHCTpyKMHHM. YcTaHOBHTB nocJieMHHH cerMeHT MOJKHO 
TaKHce, 3aBeMH ero c BHeniHen cTopoHbi k n,eHTpy. B 
3 TOM cjiynae cerMeHT, MocbiJiaeMbiH kjihhbhmh hjih 
cthjkhbimh SojiTaMH, iiomo6ho KJiHHy pa 3 MBHraeT Kpan 


ment of the first section must be performed with a 
particular care. 

Then the section is dogged for the time being on 
its own foundation piers. On radial-axial turbines, 
such dogging is done by pulling up the section to the 
foundation ring with the aid of bolts. On adjustable- 
blade turbines, this is done by pulling the section 
down to the piers with the aid of foundation bolts. 
If the foundation bolt block-outs are such that they 
don’t allow the foundation bolts to take the load before 
they are grouted, the first section must be fixed either 
by tracing from any stationary member or by welding 
reinforcing bars to the upper stay ring and to the rebars 
of the concrete scroll case cone. Such dogging must 
be reliable to avoid tilting or falling down of the section. 
After fixing, the vertical alignment must be checked 
from plumb. Horizontal alignment must be checked 
with a bench level and its position with reference to 
the center line must be checked with a measuring tape 
from the center line to the edges of the joint. 

The subsequent sections are installed in the same- 
order by bolting the joints between the preceding 
section and the newly installed one. Prior to bolting: 
the joints, the newly installed section must be squared 
up to the preceding section to align the holes availably 
in each joint for precision dowels and to enable the; 
dowels to be dropped into these holes. During align¬ 
ment the joint surfaces must be protected with plywood., 
or cardboard to avoid bruising or denting. As soon I 
as the installed and joined sections become stable, tht. 
enlarged section should be checked for the center line 
and elevation to reduce vertical and horizontal moVfe 
ments of the completely assembled heavy ring in fu tur^l 

Installation of the closing section in place n im ] 
sometimes into difficulty. As a rule, it won’t fit m£$ 
the gap left for this section. The unclosed ring has tg 
be spread out a bit to set the last section in place; 
This is usually done with the aid of turnbuckles to 
secured to the ends of this ring and reinforcing. barS: 
or some other stationary structural elements,. Tftft 
closing section can be fitted in place by bringing ,L 
from outside to the center. In this case, the 
driven by wedges or coupling bolts will move- SMlfl 
the edges of the ring and gradually assumes its tin * 1 
position. 

If installation is conducted in summer tint? 
the installation site is exposed to sun rays, the 
ing simple method can be used: the closing 


3 Toro HecoMKHyToro KOJiBpa h nocTeneHHO 3aHHMaeT 
CBoe MecTO. 

Ecjih mohtujk npoH3BOMHTCH b Jieraee BpeMH h 
M ecTO ycTaHOBKH HaxoMHTCH noM cojihmcm, to npn6e- 
raiOT k cJieMyiomeMy npocTOMy npneMy: nocJieMHHH cer¬ 
MeHT HeKOTOpoe BpeMH MepncaT b npoxjiaMHOM Mecre, 
nocJie uero oh cboGomho bxomht b ocTaBJieHHoe eMy 
MecTO, Tai< nan nepenaM TeMnepaTypbi tojibko b 10° 
MOH<eT npn BHyTpeHHeM M^aMeTpe CTaTopa, paBHOM 
10000 -MM, ofiecneuHTB 3a30p Me>KMy KpaHMH nocjieM- 
Hero cerMeHTa h HecoMKHyToro KOJiBija CTaTopa npHMepHO 
b 0,6 mm Ha CTopoHy. Toro >Ke pe 3 yjiBTaTa mo>kho mo- 
cthhb h HarpeBOM HecoMKHyToro KOJiBija CTaTopa ot 
M pyroro HcrouHHKa Tenjia. Ilocjie ycraHOBKH nocjieM- 
nero cerMema CTaTopa npoH3BOMHT oKOHuaTCJiBHyio 
3 ara>KKy 6 ojitob Ha ero CTbiKax. 

Pa3o6paHHaa Bbirne CTbiKOBKa CTaTopa nenocpeMCT- 
bchho Ha MecTe ero ycTaHOBKH, ecTecTBeHHo, cjio>KHee 
CTbiKOBKH Ha cSopouHOH njioiMaMKe. noaTOMy TaM, rMe 
3to tojibko npeMCTaBJineTCH bosmojkhbim, cxaTop cjie- 
jjyer y CTaHaB jihb aTB Ha 4)yHMaMeHT b bhmc MByx npeM- 
BapHTejiBHO coSpaHHbix riojiyKOJieu hjih, enje jiyuuie, 
i; bhmc oKOHuaxejiLHO coOpaHHoro KOJIBMa. 

BbinepKa CTaTopa no BbicoTe b nJiaHe h othochtcjibho 

MSHTpaJIBHOH OCH npOH3BOMHTCH BO bccx cjiyuaHX 
UMHHaKOBO — He3aBHCHMO OT TOTO, COfipaH JIH CTaTOp 
nj cerMCHTOB Ha MecTe ycTaHOBKH hjih H<e nocTaBJieH 
Ha (JjyiiMaMeHT b y>Ke codpaHHOM BHMe. BbicoTHoe 
iiojio>KeHHc CTaTopa h ropH30HTa jibhoctb ero BepxHero 
(t)Jtarma BBiBepHioT HHBejiHpoM He MeHee ueM no bocbmh 
puBiioMcpno pacnojio>KeHHbiM Ha (|)jiaHMe TOHKaM 

(puc. 36). 

l IoMbeM ii onycnaHHe CTaTopa ocynjecTBJiHiOT jihSo 
itpaeaMii runi MOMKpaTaMH , jih6o nocpeMCTBOM noM- 
ClIBKH pcryJIHpOBOHHbIX BCTpemiblX KJIHHBeB, 3aKJia- 


should he kept in shade for some time; after that, it 
will freely get into place because a 10 ° temperature 
difference on the inner diameter of the stay ring equal 
lo 10,000 mrfijj may give a 0.6 mm clearance on each 
Mde between the edges of the closing section and the 
1 lie same result can be achieved also by heating 
up ihe stay ring by any other source. On installing the 
bidsing section in place, the bolts must be tightened up. 

1 bv above-described procedure for joining the stay 
Sections directly in place is much more complex 
l,ni iftc joining operation on the assembly floor. 
l Ioec, wherever possible, the stay ring should be 
ed on ihe foundation in two halves, or, even 
hi 0 iio piece. Irrespective of whether the stay 
Uitffcmblcd of separate sections in place or a 
is lowered onto the foundation, 
niUtil be cheeked for the elevation, its 



Phc. 36. IIpOBepKa hhbcjihpom BbicoTHoro noJiOHceHHH 
CTaTopa rHApoTVpoHHbi 


Fig. 36. Check-up of stay ring elevation with a transit 


MbiBaeMbix y paMHaJibHO-oceBbix THMpoTypSHH noM 4>yn- 
MaMeHTHoe kojibmo, a y noBopoTHO-JionacTHbix — Heno- 
cpeMCTBeHHO noM CTaTop (pnc. 34). 

YcTaHOBKy CTaTopa b njiaHe, KaK ynce 6biJio otmc- 
ueHO, npoH3BOMHT no ochm x vl y, HaHeceHHbiM Ha ero 


position in plan and alignment with respect to the cen¬ 
ter line in the same manner. The elevation and levelling 
of the upper flange are checked with a transit against 
minimum eight reference points equally spaced round 
the flange (Fig. 36). 

The stay ring is hoisted and lowered down with 
the aid of cranes, jacks or by packing up the opposing 
wedges installed under the foundation ring at radial- 
axial turbines and immediately under the stay ring at 
adjustable-blade turbines (Fig. 34). 

Positioning of the stay ring in plan is done against 
axes x and y marked out on the flanges. These axes 
are matched respectively with the longitudinal and 
transverse center lines of the turbine pit, along which 
piano wires are strung. A plumb wire is suspended 
from the intersection of the piano wires which serves 
to align the stay ring and other components to the 
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(fmamjax. 3th och coBMemaiox cootbctctbchho c ripo- 
AOJibhoh h nonepeuHOH ochmh KpaTepa, uepea KOTopbie 
HaTHraBaioT cTpyHbi. H 3 A^HTpa nepeceneHHH sthx 
CTpyH onycKaiOT AempoByio CTpyuy, HBjiniomyiocH b 
AajitHeHineM 6a30H ,qjiH i^eHTpnpoBaHHH craTopa h Apy- 
rax y3JIOB OTHOCHTeJIBHO OCH. CjieAyeT 3aMCTHTB, HTO 
6a30H mohcct 6bitb h He cTpyHa, a ycTponcTBO b bhac 
xo6oTOBoro AHpKyjiH, BpainmoiAerocn BMecTe co CBoeii 
OCBK). OCHOBaHHe OCH XoSOTOBOrO AHpKyjIH AOJl>KHO 
6bitb cTporo b ijeHTpe arperaTa. 3aMepbi npoH3BOAHT 
He MeHee qeM b bocbmh paBHOMepHo pacnojio>KeHHbix 
TOHKaX, T.e. B HeTblpeX B3aHMH0 np0THB0n0J10>KHbIX 
ceneHHHX. A6cojnoTi-ibie pa3Mepbi pacTOHKH CTaTopa 
3aMepnK)T pyjieTKOH, a OTHOCHTejiBHbie — mraxMaccoM 
ot och hjih c noMoiqbio rojioBKH niTHXMacca, 3aKpen- 
jieHHOH Ha KOHAe xofioTOBoro AHpnyjiH. 

IlpHMOJiHHeHHoe nepeMeuieHHe CTaTopa b njiaHe 
hjih pa3BopoT ero BOKpyr co6ctbchhoh och npoH3BO- 
AHT SoJIBHieH HaCTBIO C UOMOJJJJblO MexaHHHeCKHX HJIH 
raApaBjiHHecKHx AOMKpaTOB, TajipenoB, no a 'bcmhbix 
K paHOB h Apyrnx MexaHH3M0B. Tn>Kejibie CTaTopbi pe- 
KOMeHAyeTCH nepeMenjaTB c npHMeHeHneM KaTKOB H3 
KycKOB KpyraoH apMaxypui, 3aKjiaAbiBaeMbix Me>KAy 
OnOpHbIMH n JIO CKOCTHMH CTaTOpa H (JjyHAaMeHTHbIMH 
nJIHTaMH. JfjIH 3aBOAKH H yAaJieHHH 3THX KaTKOB CTaTOp 
noAHHMaiOT KpaHam hjih AOMKpaxaMH. 

HeAHJiHHApHHHOCTB CTaTopa HcnpaBJiHioT, ycTaHaB- 
jiHBan BHyTpH Hero pacra>KKH c TajipenaMH. CHHMaiOT 
3TH paCTH>KI<H TOJIBKO nOCJie TBepACHHH fieTOHa, yjio- 
>KeHHoro b 6jiokh, conpnraeMbie c BepxHHM h hhjkhhm 
KOjiBAaMH CTaTopa. Ecjih HCKa>KeHHH reoMexpHqecKHx 
4>opM oneHB BejiHKH, to HcnpaBJiHTB hx Jiyqme Bcero c 
noMOiABio THApaBJiHqecKHx AOMKpaTOB, ycTaHaBJiHBae- 
Mbix Me>KAy BHyTpeHHen pacTOHKOH h cneAHajibHo 
H3r0T0BJieHH0H HCeCTKOH KOHCTpyKAHCH, riOMenjaeMOH 
BHyTpb CTaTopa no Been ero BbicoTe. Ilocjie pacxn>Ki<H 
CTaTopa AOMKpaTaMH KOHCXpyKAHIO p aCK JIHHHB aiOT B 
cTaTope h ocxaejimox ao OKOHnaTejibHoro tbcpaohhh 
6eT0Ha, yjio>KeHHoro b conpnraeMbie co craTopoM 
6jiokh. XtoMKpaTbi >Ke yAajraiOT cpa3y nocjie pacKJin- 
HHBaHHH. 

SaMeTHM, hto He6ojiBiiiHe Ae jibho jiHTbie CTaTopbi 
OSblHHO HMeiOT HaCTOJIBKO npaBHJIBHyIO cjjOpMy H TaKHe 
TOHHbie pa3Mepbi, hto b nenpas jichhhx Ha MOHTa>Ke 
He Hy>KAaiOTCH. Ho bot CTaTopbi Sojibihhx rafiapHTOB, 
oco6eHHbix CBapHbix Koncxpy k ahh, TpeSyiOT k ce6e 
caMoro npHCTajiBHoro BHHMaHHH. OSjiaAan MCHbinen 
HCeCTKOCTBIOj HeM JIHTbie, OHH MOTyT nOA B03ACHCTBHeM 
KOjieSaHHH TeMnepaTypbi OKpy>KaioiAeH cpeAbi H3Me- 
hhtb b npOAecce MOHxa>i<a h BbiBepKH AaHHbie cBoero 
nojio>KeHHH. Oco6ei-mo onacHbi b stom oTHoineHHH 
cojiHenHbie Jiyqn, TaK KaK ohm, HarpeBan CTaTOp HepaB- 
HOMepHO, CnOCoSCTByiOT ero HeCHMMeTpHHHOH AC(J)Op- 
MaAHH h HCKa>KeHHK) ero AencTEHTejibHoro nojio>KeHHH. 
Tai<, 3aMepbi craTopoB, npoH3BOAHBniHecn Ha Bojdk- 
ckoh T3C HMeHH XX CT>e3Aa KIICC paHo yTpoM h 


center line. It should be noted that instead of the 
piano wire, a device in the form of radial-arm com¬ 
passes rotating with their axle, can be used as a refe¬ 
rence. The base of the compasses must be right in the 
center of the unit. 

Readings are taken at least at eight equally spaced 
points, i.e. at four opposite sections. Absolute dimen¬ 
sions on the stay ring bore are taken with a measuring 
tape, relative dimensions are measured with a rod 
gauge from the center line or with the rod gauge head 
fitted at the end of the compasses. 

Straight-line movements of the stay ring in plan 
or rotation about its axis are made mainly with the aid 
of mechanical and hydraulic jacks, turnbuckles, cranes 
and other mechanisms. It is a good practice to move 
heavy stay rings on rollers made from round reinforcing 
bars inserted between the bearing surfaces of the stay 
ring and the foundation plates. To insert and remove 
these rollers, the stay ring is raised by cranes or jacks. 

The stay ring is rounded out with the aid of bracings 
and turnbuckles arranged inside the stay ring. These 
bracings are removed after hardening of concrete 
placed in the blocks. If the geometric shape of the stay 
ring is heavily distorted, the best way to rectify these 
distortions is to apply jacks to be mounted between 
the inner bore and a specially fabricated rigid fixture 
installed within the stay ring over its entire height, 
After rounding out the stay ring by jacks, the fixture 
should be fastened by wedges in the stay ring and left 
until the concrete poured in the blocks adjoining the 
stay ring hardens up completely. The jacks have to 
be removed as soon as the wedges are installed. 

It should be noted that small stay rings cast in one 
piece, are so true in shape and so accurate in dimensions 
that they do not require any remedial actions during 
installation. Large-size stay rings, however, and welded 
ones in particular, call for very close attention. Since; 
they are less rigid than the cast stay rings, their readings 
may vary during installation and alignment adjust¬ 
ments due to the effect of ambient temperature. Sun 
exposure is particularly treacherous because nomuni¬ 
form heating of the stay ring contributes to irregular 
deformation and distortion of its actual state. I 
instance, measurements taken on stay rings at the 
Volga Hydroelectric Power Plant named after thM 
XX Congress of CPSU early in the morning and a 
noon gave a 2-mm difference in readings. Thcrefnrei 
alignment checks on large-size stay rings should 
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AHeM, AUBajiH pa3HHAy b noKasamrax ao 2 mm. noaTOMy 
BbIBepKy fiOJIBIHHX CTaTOpOB peKOMeHAyeTCH npOH3BO- 
Ahtb b TaKoe BpeMH cyTOK, KorAa TeMnepaTypa HH>Ke 
Bcero h HeT cojiHAa. Eiac SojiBinne HCKa>KeHHH hmcjihcb 
npn MOHTance craTopoB rHApoTypfinH AcyaHCKOH 

E3C. 

nocjie OKOHHaHHH BbiBepKH CTaTOpa npOH3BOAHT 
KOHTpOJIbHyiO nOA^HBKy BCTpeUHblX KJIHHheB nOA CTa- 
TOpOM HJIH cjjyHAaMeHTHblM KOJIbAOM, AO^HBaHCL TOrO, 
HTObbl KJIHHBH, HMeiOIAUe CJiafiHHy, T3K>Ke npHHHJIH 
Ha ce6a Harpy3Ky. 3aTeM npncTynaioT k OKOHqaTejibHOH 
noATH>KKe (JjyHAaMeHTHbix 6ojitob. Y noBopoTHO-Jio- 
nacrabix ra ApOTyp 6hh 3thmh SojrraMH npHTHrasaiOT k 
SeTOHHbiM onopaM CTaxop, a y paAnajibHo-oceBbix — 
(JjyHAaMeHTHoe kojibao BMecTe co cTaTopoM. 

Ecjih KOHCTpyKAHH uiTpad noA cfyHAaMeHTHbie 6 oji- 

Tbl TaKOBa, HTO 6 oJITBI AO 3aJIHBKH IHTpaG SeTOHOM 
Harpy>KaTb HeJib3H, to uiTpafibi 3ajiHBaiOTCH h BbiAep- 
HCHBaiOT AO Ha 6 opa fieTOHOM AOCTaTOHHOH TBepAOCTH 
3 a 6 jiaroBpeMeHHO, T.e. npe>KAe, ueM npncTynaioT k 
noATrpKKe 6 ojitob. Ka k tojibko CTaTOp 6 yAex oKOHua- 
TejiBiio noATHHyT k onopaM, npncTynaioT k kohtpojib- 
hoh npoBepKe ero noJionceHHH. Ecjih noATH>KKa He 
Hi,nBaAa HeAonycTHMbix otkjiohchhh ot npe>KHero h 
nojionceHHH, to CTaTOp cAaiOT noA fieTOH 
c q f|iop m jieHneM cooTBeTCTByioiAoro aKTa, k KOTopoMy 
npHJitiraiQT (fopMyjiHp (pnc. 37). CTaTOp paAHajibHo- 
(reeBOfi raApOTypdnHbi CAaiOT noA 6 eTOH BMecTe co 
crmpajiBio nocjie oKOHuaHHH MOHTanca h cBapKH noc- 
icjrireEL TaK>Ke BMecTe c o 6 jihaobkoh cnnpajiBHOH Ka- 
(VICpbl CAtunT H CTaTOp nOBOpOTHO-JIOnaCTHOH THApOTyp- 
Ginibi, imrna ofijiHAOBKa npeAycMOTpeHa KOHCTpyK- 

OfKJRiAeiiiiA CTaTopa ot npoeKTHbix auhhbix, Aony- 
CTIBMiUC IIO Texm-KieCKHM yCJIOBHHM Ha MOHTa>K THAPO- 

tu persTon, npHueACHbi b Ta6ji. 3 h 4. 


made when there is no sun exposure and the ambient 
temperature is the lowest one. Even greater distortions 
were recorded in installation of the stay ring for hydrau¬ 
lic turbines at the Aswan Dam. 

After a final alignment, the wedges under the stay 
ring or foundation ring must be packed up again so 
that slack wedges could also take the load. Then the 
foundation bolts are finally tightened. On adjustable- 
blade turbines, these bolts tighten the stay ring to 
the foundation piers; on radial-axial turbines the foun¬ 
dation ring is tightened up jointly with the stay ring. 
If the block-outs for foundation bolts designed so that 
the bolts cannot take the load unless the block-outs 
are grouted in concrete, these block-outs must be 
grouted and cured to attain the specified strength 
in advance, i.e. before tightening the bolts. As soon 
as the stay ring is tightened down to the foundation 
piers, final checks for its alignment are started and if 
the tightening-down procedure has not caused some 
inadmissible deviations from the original and design 
positions, the stay ring is released for concreting, with 
appropriate entries being made in the certificate and 
appended record sheet (Fig. 37). The stay ring of a 
radial-axial is released for concreting jointly with the 
scroll case after the installation and welding of the lat¬ 
ter. If the scroll case liner is provided by the design, 
the stay ring of an adjustable-blade turbine must be 
also released for concreting jointly with the scroll 
case liner. 

Tolerances accepted in installation of hydraulic 
units are given in Table 3 and 4. 



79 













































































































T a 6 ji h it a 3 


JIOnVCKH HA yCTAIIOBKy *l>yn;jAMEHTlIOrO KOJlblJA, KAMEPIJ PAIjOHEI'O KOJIECA, 
HHiKHEEO KOJIBHA HAIIPABJIJIIOIHErO AIHIAPATA H CTATOPA IIOBOPOTHO-AOnAClIILIX 
rHflrorypBHH 




JXorrycTHMoe OTKJIOHeHHe (mm) A-th paSonero 
KOJieca rHAPOTyp6nHti AHaMeTpoM, mm 

XapaKTep otkjioh e hhh 

MecTo 3aMepa 

3000 

5000 

7200 

9300 

CMemeHHe oceBtix mctok Ha /jeTajinx 

Ot OTBeCOB C oceH X H y PP COOTBeTCTByKJIUHX 





OTHOCHTejitHO oceii rH^poarperaTa Ax 
h Ay 

oceBBix mctok Ha ycTaHaBJiHBaeMOH fleTajiH 

"2 

3 

5 

7 

0TKJIOHeHHC OT npOeKTHOH BBICOTHOH 

06pa6oTaHiiaH itjiockoctl BepxHero (JmaHita 

2 

2,5 

3 

4 

OTMeTKH 






HeropH30HxajibHocTj> 

To >Ke 

0,4 

0,5 

0,6 

0,7 

HeUHJIHH^pHHHOCTb A R 

Ot i^eHTp ajibHOH och BHyTpeHHeh pacTOHKH 
#eTajiH b MecTax, 3ap[aHHBix (JjopMyjinpoM 

0,8 

1 

1,2 

1,5 





T a 6 ji h it a 4 

TOnVCKII HA yCTAHODKy 

OyH^AMEHTIlOrO KOJIbllA, CTATOPA 

n AHTOii cmiPAJiHt 

PAAHAJ1I.IIO-OCEBUX HIAPOTYPEIill 







JXonycTHMoe othhohchhc (mm) aJD* pa6o^ef6 
KOJieca rnApoTyp6HHbi Aw aMeT P°Mj mm 

XapaKTep otkjiohchhh 

MecTo 3aMepa 





2000 

3000 

4100 

550(1 



CMemeHHe oceBBix mctok Ha /jeTaJiax 

Ot OTBecoB c oceii x h y ro cooTBeTCTByioimrx 





OTHOCHTejiBHO oceH rH^poarperaxa Ax 
h Ay 

oceBBix mctok Ha ycTaHaBJiHBaeMOH ^eTajrii 

2 

2 

2,5 

3 

OTKJIOHeHHe OT npOeKTHOH BBICOTHOH 

OTMeTKH 

06pa6oTaiiHaH iuiockoctb BepxHero ^jjiaHua 

1,5 

2 

2,5 

$ 

HeropH30HTaJIbHCCTB 

To >Ke 

0,2* 

0,4 

0,4 


HeUHJIHH^pHHHOCTb A R 

Ot ueHTpajibHOH och #o BHyTpeHHeii pactoHKH 
^eTajiH b Mecxax, 3a^aHHBix (JiopMyjiHpoM 

0,5 

0,8 

1.0 

1*2 

CMemeHHe och BXO^Horo ceneiraH cnn- 
pajiH OTHocHTejibHO arperaTa Ac 

Ot OTBeca, npoxcwimero nepe3 ijeHTp bxo/j- 

Horo ceneHHH j flo och y 

8 

10 

12 

15 


* JXjih jihtoh cnnpajiH rHAPOTypOnabi c pa6o™ KOJiecoM ao 2000 mm HeropusoHTajihHOCTb AonycKae-rcH 
He Gojiee 0,1 mm. 

o a 


Table 3 


TOLERANCES FOR INSTALLATION OF FOUNDATION RING. RUNNER CASE, LOWER WICKET 
GATE RING, AND STAY KING OF ADJUSTABLE BLADE TURBINES 




Tolerance, mm, for runners, 

dia. 

Type of deviation 

Place of measurement 

3000 

5000 

7200 

9300 

Displacement of axial marks on parts 
with respect to unit axes Ax and Ay 

From plumbs at axes x and y to respective 
axial marks on parts 

2 

3 

5 

7 

Deviation from design elevation 

Machined surface of upper flange 

2 

2.5 

3 

4 

Out-of-level 

Same 

0.4 

0.5 

0.6 

0.7 

Out-of-roundness A R 

From vertical center line to inner bore surface 
at points specified by the record sheet 

0.8 

1 

1.2 

1.5 


Table 4 


TOLERANCE FOR INSTALLATION OF IT) LIND ATT ON RING, SLAY RING, AND £ AST SCROLL CASE 
OF RADIAL-AXIAL TURBINES 


Type of deviation 

Place of measurement 

Tolerance, mm, for runners,^dia. 


2000 

3000 

4100 

5500 

1%placement of axial marks on parts 
with respect to unit axes Ax and Ay 

From plumbs at axes x and y to respective 
axial marks on parts 

2 

2 

2.5 

3 

Deviation from design elevation 

Machined surface of upper flange 

1.5 

2 

2.5 

3 

DiiUoFjevcl 

Same 

0.2* 

0.4 

0.4 

0.5 

i rblindness, A ft 

From vertical center line to inner bore at 
points specified by check table 

0.5 

0.8 

1.0 

1.2 

placement or Inlet section of scroll 
"'111 res pec 1 to unit 

From plumb through center of inlet section 
to axes y 

8 

10 

12 

15 


C.Im: [•: ut, i200[) mm runner the out-of-level magnitude must not exceed 0.1 mm. 
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B. MOHTAiK CTATOPOB C OTbEMHbIMH 
KOJIOHHAMH 

MoHTa>K CTaxopoB noBopoTHO-jionacTHBix nmpo- 
Typ6nH C OTteMHBIMH K0JI0HH3MH JjejIHXCH Ha flBa KaK 
6bi caMocxoHTejiBHbix TexHOJTOrcraecKHx npoijecca. 
IlepBbm H3 HHX COCTOHT B MOHXa>Ke OnopHBIX KOJIOHH, 
BTOpOH B yCT3HOBKe H paCKpCH.’ICIiHH Ha 3XHX KOJIOH- 
Hax cerMeHTOB BepxHero Ko.ir>na cxaxopa, KOTopi>ie, 
KaK y>Ke Sbijio oTMeneHo b pas/jejie A Haoxompero 
naparpacjja, b HeKOTopLix KOHcxpyKipiHX npepcxaBjimox 
co6oh oflHOBpeMeHHo h BepxHee kojibpo HanpaBJimo- 
mero annapaxa (pnc. 33). 

KoHcxpyKHHH ra^poxypSHH oSbihiio npepycMaxpH- 
Baex xanoe kojihhccxbo ochobhbix kojiohh, Koxopoe 
paBHo nojioBHHHOMy KOJiHHecxBy JionaxoK HanpaBjiaio- 
n ' cro annapaxa. CBepx xoro bbophxch iiccko.'ilko ;\o- 
nojiHHxejitHbix kojiohh, na.'iHancrine Koxoptix — yjiyn- 
uihtb HanpaBJieHHe noTOKa Bojjbi. 

TexHOJiorH^ecKHH npoqecc MOHTa>Ka onopHbix ko¬ 
jiohh CTaTopa cboahtch b ochobhom k cjiejjyiomeMy : 
KOJIOHHbl, TaK >Ke KaK H CTaTOp, yCTaHaBJIHBaiOT Ha 


C. INSTALLATION OF STAY RINGS WITH 

detachable stay vanes 

The installation of adjustable-blade hydraulic tur¬ 
bine stay rings with detachable stay vanes (columns) 
falls into two independent stages. The first stage is 
the installation of support columns and the second is 
the installation and fixation of the upper stay ring 
sections on these columns, the mentioned sections 
being used in some types of turbines at the same time 
as the upper ring of the wicket gate mechanism (See 
Subsection A of this Section and Fig. 33 ). 

Usually, the number of main stay vanes in the 
turbine makes half the number of the guide vanes. 
Besides, there are some additional stay vanes that 
function to improve the direction of water flow. 

The installation procedure of the stay vanes is 
mainly the following: the stay vanes as well, as the 
stay ring, are installed on sole plates or pads with 


PHC. 38. OopMyjIHp yCTaHOBKH OnopHBIX 
KOJIOHH CTaTOpa 


Fig. 38. Record Sheet of Installation of 
Stay Vanes 



06o3Ha^eHHe 

Designation 


VI (M) 
(m) 


6 i 


± A B 


± AR 0 


<S>aKTH*iecKHe paajwepbi kojiohh Xs 
A ctual size of stay vanes No. 


2a 


3a 


L 


R no 
HepTeJKy 

R is acc. to drw. 


10 


13 


14 


15 


OTKJIOHeHHe 

Deviation 

(JjaKTHnecKoe MaKCH- 
j MajibHoe 

actual max. 

flonycTHMoe no TY 

permissible acc. to 
specification 



“ a — a x = 


- 6 — 6 1 ~ 






- -. 
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(JjyHAaMeHTHbie njiHTbi hjih noflKjiajjKH, c BCTpeuHbiMH 
napHbIMH KJIHHbHMH. IlOArOTOBKa (J)yHJjaMeHTOB , IHTpa6 
h ycraHOBKa BCTpeHHBix KjiHHbeB npoH 3 BOMHTCH cno- 
co6om, pa 3 o 6 paHHbiM b npe^biAymeM pa 3 jtejie HaeroH- 
mero naparpatfm. 

YcTaHOBKa me kojiohh Ha onopbi ocymecTBJineTCH 
b cJie#yiomeM nopH^Ke. Bee kojiohhbi CTaTopa no hx 
reoMeTpimecKOMy pacnojio>KeHHio pa3^ejieiibi Ha He- 
ckojibko rpynn. Kojiohhbi Ka>K# 0 H H3 rpynn pacnojio- 
H<eHbI TaK, HTO KpOMKH HX BOFHyTblX UaCTCH .IJOJiyKHbl 

HaxoAHTbCH npn co 6 jnoji;eHHH sajtaHHoro mara Ha jihhhh, 
HBJiHKJiqeHCH npojtojDKeHneM KacaTejibHoii k onpy>K- 
hocth, onpeflejieHHoii uepTe>KOM fljin stoh rpynnbi. 
Hochkh me Bcex kojiohh ^ojijkhbi otctohtb ot uei-i- 
TpaJibHOH och arperaTa Ha ojjhom o^HHaKOBOM ajih Bcex 
kojiohh pajjnyce 0 Kpy>KH 0 CTn (pnc. 38). 

fljIH yCTaHOBKH KOJIOHH BOKpyr SeTOHHOrO IJOKOJIH 
coopy>KaK)T Jieca c orpa>K,iieHHeM 5 a bo BHyTpeHHeii 
nacTH, Ha ypoBHe otmcthh nojtKOJioHHoro 6eT0Ha 
(SeTOHHoro ijokojih) hjih HecKOJibKo Bbirne ee, — 
^epeBHHHblH HaCTHJI H3 CTpOraHbIX HJIH HepHbIX 

flOCOK, o 6 jiHu;oBaHHbix (JjaHepoH (pnc. 39). Ha noBepx- 
hocth 3Toro Hacrajia HaHocHT 3a/i;aHHbie uepTe>KOM 


pairs of opposing wedges. The preparation of sole 
plates, block-outs, and provision of opposing wedges 
are described in the previous Subsection of this Section. 

The stay vanes are installed on supports in the 
following way. All the stay vanes are united in several 
groups depending upon their geometric location. The 
stay vanes of every group are arranged so that the 
edges of their concave portions, with the required 
pitch maintained, are on the line which is the conti¬ 
nuation of the tangent to the circle, specified for a 
given group in the drawing. The exit tips of all the 
stay vanes shall be equally spaced from the centre 
line of the unit along the circumference (Fig. 38). 

To install the stay vanes, a scaffold with railing 
is constructed around the concrete pedestal and a 
timber platform of rough or planed boards covered 
with veneer is provided inside at the concrete pedestal 
level or somewhat above it (Fig. 39). The surface of 
the timber platform is marked out with circles (speci¬ 
fied in the drawing) with radii R l9 i? 2 > ^4 an ^ R&1 

the tangents to these circles will serve as references 


06o3HaneHHe 

Designation 

Pa3Mepbi Me>KAy kojiohhsmh, mivi 

Sizes between stay vanes, mm 

OTKJIOHeHHe 

Deviation 

cd 

(N 

J, 

(Ti 

1 

cd 

(N 

3—4a 

i 

ro 

3—4 

ir> 

! 

\D 

1 

in 

r- 

i 

00 

1 

T 

00 

o 

T 

CT\ 

T 

o 

(N 

J 

m 

T 

cn 

14—15 

15—16 

16—1 

(J> aKTHHe cko e 
MaKCHMajibHoe 

actual max. 

flonycTHMoe no TY 

permissible acc. to 
specification 

i 

no nepTe>Ky 

acc. to drw. 

— 



— 


— 

— 


— 

— 

-- 

—- 

— 

— 

— 

-- 

— 

— 



(JjaKTnnecKoe 

Actual 




+ AI 

d>aKTHuecKHe 

OTKJIOHeHHH 

Actual deviation 






npHMenaHne. Howiepa kojiohh (BKAio^an 3y6) npocTaBHTb Ha 3CKH3e 
(JjopMyjiHpa no HepTe>Ky: 

Note. Number of stay vanes (including nose) shall be put down in record 
sketch acc. to the drawing 


/- MOHT3>KHaH pHCKS AJIH KOHTpOJIH BblCOTHOTO nOJIOJKCHHH KOJIOHH npH HX 

yCT3HOBKe 

II — paccTOHHue no BbicoTe MeJK^y MecTaMH 3awiep0B a, a lt 6 , 6 X 

I — installation mark for check-up of elevation of vanes during installation 
II —distance in height between places of measurements a, a*, 6, 6 X 
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Phc. 39. YcTaHOBKa onopHbix kojiohh 
craTopa 

Fig. 39. Assembly of stay vanes 


0Kpy>KH0CTn c paAHycaMH R 19 R 2 , f? 3 , i? 4 h i? 5 , KacaTejiB- 
Hbie k KOToptiM b najihnemnem cjiy>KaT hcxoahoh 
6a30H £jih ycTaHOBKH b njiaHe Bcex rpynn onopHbix 
kojiohh. YcxaHOBKy kojiohh no BepTHKaJIH (pHC. 38) 
npOH3BOAHT no OTBeCy, 3aMCpHH OTKJIOHeHHe OT Bep¬ 
THKaJIH y BepxHero h HH>KHero GauiMaKOB, y HOCHKa 
H B AByX TOHKaX y 60K0B0H nOBepXHOCTH. 

BbicoTHoe nojio>KeHHe onpe^ejiHiOT no HHBejinpy, 
6epn 3a 6a3y HaHeceHHyio Ha KajK^on kojiohhc pncKy. 
3Ty pHCKy HaHOCHT Ha BCex KOJIOHHaX Ha OAHHaKOBOM 
paccTOHHHH ot BepxHeii onopHOH njiocKocTH BepxHero 
SauiMana kojiohhbi, KOTopan, KaK npaBHjio, HMeeT 
MexaiinnecKyio o6pa6oTKy. XtjiH Toro, hto6bi oihh6kh 
3aBO£CKoro H3roTOBjieHHH He HaKJia^biBajiHCb jjpyr Ha 
Apyra, BbicoTHoe nojiojKeime kojiohh cjieMyeT onpeAe- 
jiHTb He no npoeKTHbiM a^hhbim, a hcxoah H3 (J)aKTH- 
necKHx 3aMepoB paccTOHHHH no BepTHKajiH Me>KAy 
nOCaAOHHblMH yCTaHOBOHHbIMH nJIOCKOCTHMH Ha Bepx- 
HeM KOJibiie CTaTopa. BbicoTHoe nojio>KeHHe kojiohh 
AOJI5KHO 6bITB 3aAaHO TaKHM, HToSbl nOCJie ycTaHOBKH 
Ha hhx BepxHero KOJibija, ero (jjJiaHen; noA KpbiniKy 
rnApOTypSHHbi HaxoAHJica Ha 3aAaHHOH npoeKTHoii 
OTMeTKe. 

Ilocjie BbIBepKH KOJIOHH HX HO ATHTHBaiOT SoJITaMH 
k (J)yHAaMeHTHbiM onopaM h cBH3biBaiOT Apyr c ApyroM 
CBapHbiMH noacaMH no Bepxy h no cepeAHHe. 3aTeM 
npncTynaioT k npoBepne 4)aKTHHecKoro nojio>KeHHH 
kojiohh. JJaHHbie 3aMepOB 3anocHT b (fjopMyjiHp (pnc. 
38). B 3TOT (jjOpMyjIHp 3aHOCHT TaKJKe OTKJIOHeHHH OT 
npoeKTHbix AaHHbix; AonycKH, pa3pemaeMbie tcxhh- 
necKHMH ycjioBHHMH Ha MOHTa>K arperaTOB, npnBe- 
AeHbi b TaSji. 5. 


for arranging in plan all the groups of the stay vanes. 
Vertical alignment of the stay vanes is to be carried 
out with the help of a plumb (Fig. 38) to measure the 
vertical deflection at the upper and lower supports at 
the exit tips and at two points at the lateral surface. 

The elevation of the stay vanes is measured with 
the help of a transit against a mark made on every 
stay vane. These marks are made on all the stay vanes 
at an equal distance from the upper support plane 
of the upper block of the stay vane which is machined 
as a rule. In order to avoid the effect of fabrication 
errors, if any, the elevation of the stay vanes shall 
be determined by actual measurements of the vertical 
distance between the mounting planes on the upper 
stay ring rather than by design data. The elevation 
of the stay vanes shall be such that after the upper 
stay ring is placed on to the stay vanes, its flange to 
be connected with the turbine headcover should be 
at a preset design elevation. 

Upon alignment, the stay vanes are secured with 
bolts to the foundation supports and braced together 
by welded bands at the top and in the middle. This 
done, the actual position of the stay vanes can be 
checked. The data of measurements and departures 
from design values are put down in a record sheet 
(Fig. 38); allowable tolerances for assembly and instal¬ 
lation of the unit stipulated in the Technical Specifi¬ 
cations are given below in Table 5. 


T a6 Jiana 5 


^OnyCKH HA yCTAHOBKY OHOPIIblX KOJIOHII CTATOPA 


IIpoBepHeMoe iiojiokchhc 

MecTO 3aMepa 

AonycTHMoe otkjiohchhc (mm) jjjih pa6ouero 
Kojieca rHflpoTypGHHbi AHaweTpoM, mm 


3000 

5000 

7200 

9300 

IIojioHceHHe kojiohhbi b njiane 

Ot nacaTejibHOH k pa3MeTOHHOH onpy>KHocTH 
flO KpOMKH KOJIOHHbl A& 

4 

5 

6 

8 


Ot ycTaHOBOHHOH oKpyncHocTH ao kpomkh 
KOJIOHHbl AR q 

6 

10 

15 

20 

IHar Ha ycTanoBOHHoii onpy>KHocTH 

Ha xopae ycTanoBOHHOH 0Kpy>KH0CTH At 

8 

10 

12 

15 

BepTHKaJIbHOCTb (HaKJIOH) 

no GOKOBOH CTOpOHe H KpOMKaM a H 6 

4 

6 

8 

10 

IIojioHceHHe no BbicoTe 

no BepXHeH onopHOH njiocKocTH KOJIOHHbl 

8 

10 

12 

15 


Table 5 


INSTALLATION TOLERANCES FOR STAY VANES 


Item to be checked 

Place of measurement 

Allowable tolerance (mm) for turbine runner 
dia., mm 

3000 

5000 

7200 

9300 

Position of stay vane in plan 

From the tangent to reference circle up to 






stay vane edge A b 

4 

5 

6 

8 


From the locating circle to stay vane edge A R 0 

6 

10 

15 

20 

Pitch on locating circle 

On chord of locating circle At 

8 

10 

12 

15 

Vertical alignment (inclination) 

On the lateral side and edges “a” and “5” 

4 

6 

8 

10 

Elevation 

On upper support plane of stay vane 

8 

10 

12 

15 


YCTaHOBKy KOJIOHH MO>KHO npOH3BOAHTb, OpneHTH- 
pyncb He no KacaTejibHbiM k onpeAejieHHbiM OKpy>K- 
hocthm, HaHeceHHbiM Ha AepeBHHHOM HacTHJie, a no 
cneitnajibHOMy mabjioHy H3 pobhbix AepeBHHHbix peeK, 
6epn 3a ocHOBy nemp ochobhoh 0Kpy>KH0CTH h yroji, 
noA KOTopbiM BorayTan uacrb i<a>KAOH kojiohhbi AOJiHCHa 
huxoahtbch k paAHycy, npOBeACHHOMy H3 Aempa OKpyjK- 
HOCTH K HOCHKy yCTaHaBJIHBaeMOH KOJIOHHbl. IIIaGjIOH 
AejiaioT TaKHM, hto6bi yroji ycraHOBKH mo>kho 6bijio 
peryjiHpoBaTb, nepecTaBJina mapHHpHbiii TpexcropoH- 
hhk, h npoBepHTb TOHHOCTb peryjiHpOBKH no yrjioMepy. 


The stay vanes can be installed by using a special 
templet made of even wooden laths rather than by the 
tangents to certain circles lined on the timber platform, 
taking as a basis the centre of the major circle and an 
angle of the concave portion of each stay vane to the 
radius drawn from the centre of the circle to the exit 
tip of the stay vane. The templet shall be designed so 
that the angle of mounting can be adjusted by moving 
a three-sided hinged gauge; accuracy of adjustment 
can be checked by a goniometer. 
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Phc. 40. OopMyjiHp ycTaHOBKH BepxHe- 
ro y3Jia 3aKJia^Hbix ^acTen m^poTyp 6 hhbi 

Fig. 40. Record Sheet of Assembly of 
Upper Unit of Turbine Embedded Parts 


06o3Ha*ieHHe 

Designation 

Pa3Mep no Hep- 
Te>Ky 

Size acc. to drw. 

<J»aKTHnecKHe pa3Mepbi no ochm 

Actual sizes in axes 

OTKJIOHeHHe 

Deviation 

+ 

X 

+ 

+ 

* 

+ 

1 

* 

+ 

! 

* 

1 

1 

X 

1 

+ 

X 

i 

(fraKTHHecKoe 

MaKCHMajibHoe 

actual max. 

flonycTHiwoe no TY 

permissible acc. to 
specification 

V 2(M) 

(m) 












R 












Ri 












6 












± A* 












± A y 













06o3Hanemie 

Designation 

IIIaxTa cepBOMOTOpa co cxonopoM 

Servomotor pit with stopper 

IIIaxTa cepBOMOTOpa 6e3 CTonopa 

Servomotor pit without stopper 

Pa3Mep 

Size 

OTKJIOHeHHe 

Deviation 

Pa3Mep 

Size 

OTKJIOHeHHe 

Deviation 

no nep- 
Tejfcy 

acc. to 
drw. 

(JiaKTHnecKHii 

actual 

(fcaKTHHecKoe 

actual 

AonycTHMoe 
no : TY 

Permis. acc. 
to specific. 

no nepTeiKy 

acc. to drw. 

(J) aKTHH e CKHH 

actual 

(fraKTHnecKoe 

actual 

AonycTHMoe 
no TY 

permissible 
acc. to speci¬ 
fic. 

V 1 (M) 

(m) 









a 

b To^ax 

points 

1 



— 




a \ - a 3 “ 


2 







3 



#2 -~ 




#2 — 


4 







6 










I — kojiohhbi CTaTopa; II —ycxaHOBOHHbie mctkh; 111 —cxaTop; IV —CTpy- /—stay vanes; II —locating marks; III —stay ring; IV —piano wire with 

hbi c OTBecaMH; V — iuaxTa cepBOMOTOpa co cxonopoM; VI — iiiaxTa cepBo- plumbs; V — servomotor pit with stopper; VI — servomotor pit without stoppe 

MOTopa 6e3 CTonopa 
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BepxHee kojibijo yCTaHaBjiHBaiOT Ha kojiohhbi nocjie 
iio^jihbkh nocjie^HHx SeTOHOM hjih, bo bchkom cuyuae, 
nocjie 3ajiHBKH beTOHOM uiTpaS c cjjyHAaMeHTHBiMH 6 oji- 
TOMH H OKOHHaTeJTBHOH 3aTH>KKH nOCJie^HHX. 

"'TtoSbi oSjierHHTB ycTaHOBKy cenvieiiTOB BepxHero 
KOJiBija cTaxopa, Ha hhjkhcm KOJiBije HanpasjiHiomero 
annapaTa yCTaHaB jihb aiOT MOHTa>KHbie kojiohhbi, pery- 
jiHpyeMBie no bbicotc (cm. puc. 33). ITocjie ycTaHOBKH 
h BBiBepKH BepxHero KOJibiia oth BcnoMoraTejiBHbie 
MOHTa>KHbie kojiohhbi ybnpaiOT. C6opi<a cerMeHTOB 
BepxHero KOJiBija, a xaK>Ke BbiBepKa ero nojio>KeHHH b 
nJiaHe h othochtcjibho och rHApoarperaxa npoH3BOAHTCH 
cnocoSaMH, aHajiornHHBiMH pa3o6paHHbiM b npeAbmy- 
meM pa3Aejie HacTomqero naparpatjja npn paccMOTpe- 
HHH BOnpOCOB MOHTHJKa CTaTOpOB C HeOTbeMHBIMH 
KOJIOHHaMH. JfoIiyCKH Ha OTKJIOHeHHH npH yCTUHOBKe 
BepxHero KOJibija moh<ho onpe^ejiHTB no aHaiiornn H3 
Ta6ji. 3, a cjjopMyjiHp ycTaHOBKH noKa3aH Ha pnc. 40. 

Ecjih BepxHee kojibijo CTaTopa coBMemeHo c BepxHHM 
kojibijom HanpaBjimoiqero annapaTa h k MOMeHxy ycra- 
hobkh ero y>Ke 6yAeT CMOHTHpOBaHO rra>KHee kojibijo 
HanpaBJiniomero annapaTa, to u,eiiTpiipoBaHHe Bepx¬ 
Hero KOJiBija cjieAyeT npoH3 b o ahtb no otb ep cthhm no# 
jionaTKH Ha hhjkhcm KOJiBi^e HanpaBJiniomero annapaTa. 
3to A^JiaiOT c noMonjBio otbccob, onycnaeMbix H3 ijeH- 
Tpa OTBepcraH b BepxHeM KOJiBi^e, ho HHorAa npn6e- 
raiOT h k ApyroMy npneMy : np e ab apHTe jibho yCTaHaB jih- 
BaioT 6—8 JionaTOK HanpaBjiniomero annapaTa n ijeH- 
TpnpyioT kojibao ao nojio>KeHHH, npn kotopom JionaTKH 
OTHO CHTe JIBHO JieTKO npOBOpaUHBaiOTCH CneiJHaJIBHblM 
pbinaroM ot pyKH. 

4-6. KAMEPBI PAEOM1IX KOJIEC II 
HH5KHHE KOJItq A HAIIPAB JIHIOII^HX 
AHIIAPATOB IIOBOPOTHO-JIOnACT- 
HMX OIAPOTyPESIH 

A. KOHCTPyKD(HH H HA3HA T 1HHHE 

KaMepa paSonero KOJieca noBopoTHO-JionacTHon rn- 
ApOTypSnHBI HBJIHeTCH 3JieMeHTOM npOTOHHOH naCTH 
TypSHHBI H BXOAHT B COCTaB HHJKHerO y3Jia 3aKJiaAHbIX 
nacTen. OHa npeACTaBJineT cobofi BecBMa He>KecTKyio 
KOJiBiteByio MeTajuinnecKyio KOHCTpyKijHio. y Majibix 
rnApOTyp6 hh 3Ta KOiicTpyKijHH coctoht H3 oahoto 
ajieMeHTa, a y KpynHbix — H3 hcckojibkhx cerMeHTOB. 
Ka>KABiH H3 TaKHx cerMeHTOB npeACTaBJineT cobon 
3jieMeHT, Kan 6 bi nojiyneirabm b pe3yjiBTaTe pa 3 pe 3 KH 

3TOH KOJIBIteBOH KOHCTpyKLJHH Ha 2-3 nOHCa no BbICOTe, 

a Ka>KAoro nonca — Ha 2—8 uacreH no onpy>KHocTH. 
KaMepbi KpynHbix rHApoxypbmi npe>KAe hstotobjihjih 
H 3 crajiBHoro hjih uyryHHoro jihtbh, a b nocjieAHee 
BpeMH npeHMymecTBeiino uiTaMnyiOT h CBapHBaioT H3 
crajiBHoro JiHCTa. 

BuyTpeHHHH noBepxHOCTB KaMepbi npeAcraBJineT co- 
6 oh b BepxHen uacra niijniHApiinecKyio (JjopMy, a hh>kc 


The upper stay ring is placed onto the stay vanes 
after the latters are grouted or, in any case, after 
concreting the block-outs with foundation bolts and 
after tightening-up the bolts. 

To facilitate the installation of the section of the 
upper stay ring, erection columns adjustable in height 
are set on the lower ring of the wicket gates (see 
Fig. 33). After the upper stay ring is set and aligned, the 
erection columns are removed. The sections of the 
upper stay ring are assembled and the latter is positio¬ 
ned in plan and relative to the axis of the hydropower 
unit in the same way as in the case of stay rings with 
fixed stay vanes (see the previous Subsection of this 
Section). Tolerances of setting the upper stay ring 
can be determined in the way shown in Table 3; the 
record sheet for installation is illustrated in Fig. 40. 

If the upper stay ring is integrated with the upper 
ring of the wicket gates and by the time of its installa¬ 
tion the lower ring of the wicket gates has already 
been erected, the upper ring shall be centred against 
the holes for the wicket gales in the lower wicket 
gate ring. For this purpose, plumbs are suspended 
from the centre of the holes in the upper ring or some¬ 
times another method is used: six or eight guide vanes 
are installed and the upper ring is centred off until 
the guide vanes are easily turned with a special lever 
by hand. 

4-6* RUNNER CASES AND WICKET 
GATE LOWER RINGS 
OF ADJUSTABLE-BLADE TURBINES 

A. DESIGN FEATURES AND PURPOSE 

The runner case of an adjustable-blade turbine 
is an element of the water passage of the turbine and 
a component of the embedded parts of the lower 
assembly. It is a non-rigid metal ring construction 
consisting of one element for small hydraulic turbines 
and of several sections for big turbines. Each section 
is an element as if obtained after the ring construction 
is cut into two or three belts in height and each belt, 
in its turn, is cut into two to eight parts over the peri¬ 
phery. The cases for big hydraulic turbine were for¬ 
merly manufactured of steel iron casting, while now 
they are mainly stamped and welded of sheet steel. 

The inner surface of the runner case is cylindrical 
in shape at the top and spherical at the bottom below 
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Phc. 41. CxeMa MOHTa>Ka KaMepBi pa6o*iero 
KOJieca h HH>KHero KOJibija HanpaBJiHiomero 
annapaTa: 

1 — o6jiHn;oBKa KOHyca oTcactiBaiomeH TpySbi; 2 —- 
BCTpe^Hbie napHbie kjihhbh ; 3 — onopHaH 6anKa; 

4 — conpHraiomHH none; 5 — hhjkhhh none Kaiwe- 

pbi; 6 — pacnopHbiH floMKpax; 7 — onopHbie SajiKH 
AJiH BbieMKH CBeMHoro cerMeHTa; 8 — cbeMHbiH cer- 
MeHT; 9 — onopHan KonoHna; 10 — uiaGjioH flJifl 

BeHTpHpoBaHHH; 11 — noBopoTHan cTpeJia Rrm AeH- 

TpHpOBaHHH ; 12 -HHAHKaTOp ; 13 - OTJKHMHOH 

onopHbm 6 ojit; 14 — otjkhmhok pacnopHbiH 6 ojit; 

15 — HH>KHee Kojibuo HanpaBJiHiomero annapaTa; 

16 — Tajipen; 17 — HacTHJi; 18 — cnycKHOH KJianaH 
Ajih onopo>KnenHH cmipajibiioH Ka.wepbi 

A — KJianaH oTKpbiT 

* CTpyHa och 

Fig. 41. Installation of runner case and 
wicket gate distributor ring: 

1 — draft tube cone liner; 2 — opposing pairs of wed¬ 
ges; 3 — supporting beam; 4 —conjugating band; 

5 — lower band; 6 — thrust jack; 7 — supporting 

beams for removal of segments; 8 — removable seg¬ 
ment ; 9 — stay vane; 10 -- centering gauge; 11 — 
centering swinging boom; 12 — dial gauge; 13 —jack 
bolt; 14 — truss bolt; 15 — wicket gate distributor 
ring; 16 — turnbuckle; 17 —flooring; 18 —drain valve 
for scroll case emptying; 

A — valve is open 

* piano wire stretched along center line 


och noBopOTa jionacreH — cc^epHHecKyio. CtJiepHHec- 
nan nacTb oGecneuHBaeT npaKTHnecKH iioctohhhijIh paB- 
HOMepHbiH 3 a 30 p mokay pacrouKon KaMepti h nepOM 
Ka>KAOH jionacTH paGouero KOJieca npn jiio6om nojio- 
>KeHHH pa 3 BOpOTa 3 T 0 H JionacTH. 

HtoGbi mo>kho Gbijio peMOHTHpoBaTb ynJiOTHeHHH 
jionacreH paGouero KOJieca, He BbiHHMan nocjienHee H3 
KpaTepa, oahh cerMeHT KaMepbi oGbihho jieJiaiOT cteM- 
hbim (pHC. 41 ). YGpaB 3tot cerMeHT b cropoHy, Bbrrac- 
KHBaiOT b o6pa30BaBiHHHCH npoeM oAHy H 3 jionacTeii 
paGouero KOJieca h npoH3BOAHT HeoGxoAHMbiH peMOHT 
ee ynJiOTHeHHH. 

TTj fH nOBbmieHHH COnpOTHBJIHeMOCTH B03 AeHCTBHK) 
KaBHTaitHH BHyxpeHHioK) ccJ)epHnecKyio noBepxHOCTt 
KaMepbi HeKOTOpbix rHApOTypGnH oGjmuoBbiBaiOT cJioeM 
Hep>KaBeiOHteH crajiH. 3 tot cjioii o6pa3yiOT jihGo nyTeM 
HanjiaBKH Hep>KaBeioiueH crajiH, jihGo nyTeM npHBapKH 
TOHKHX JIHCTOB ee. BHyTpeHHHH HOBepXHOCTb JIHTbIX 
KaMep, a Tannce KaMep c oGjihaobkoh H3 nep>KaBeio- 
men crajiH noABepraeTcn pacTonne, a KaMep urraMno- 
BaHHO-CBapHblX H3 npOKaTHOTO JIHCTa H Heo6jIHAOBaH- 
Hbix QCTaeTCH Heo6pa6oTaHHOH. 

Hn>KHee Kojibito HanpaBJimoiuero annapaTa hbjih- 
eTcn KaK 6bi HanajioM KaMepbi paGonero KOJieca, a b 
HeKOTOpbix KOHCTpyKAHHX OHO COBMeiiteHO C BepXHHM 
noncoM KaMepbi. Kojibao sto npeAcraBjweT co6oh ot- 
HocHTeJibHO jKecTKyio KOJibACByio nyrymiyio jiHTyio 
hjih CBapHO-JiHTyio KOHCTpy kahic , cocTOHiAyio b Kpyn- 
Hbix raAp OTyp Ghhhx H3 4—8 cerMeHTOB, a b MaJibix — 


the axis of rotation of the blades. The spherical part 
practically ensures a permanent even clearance between 
the case bore and every blade edge of the runner at 
any tilting of the blade. 

In order to make it possible to repair the runner 
blade seals without removing the runner from the pit, 
one section of the case is usually made dismountable 
(Fig. 41). The section is taken aside, one of the blades 
is removed through this aperture and the blade seal 
is accessible and can be repaired. 

To improve the cavitation resistance, the inner 
spherical surface of the runner case in some turbines 
is lined with a stainless steel layer. The layer is obtained 
either by depositing stainless steel or by welding thin 
stainless steel sheets. The inner surface of cast cases 
and that of cases lined with stainless steel are machined, 
while the inner surface of stamped welded rolled-sheet 
cases and that of unlined cases remain rough. 

The wicket gate lower ring is the beginning of the 
runner case and in some design solutions it is made 
integrate with the upper throat ring. The lower ring 
is of a relatively rigid cast iron or welded and cast 
circular-shaped construction. For big turbines it is 
made of four to eight sections and for small turbines 


H3 acjiobo KOJibna. Oho 6 e3 ycrynoB conpnraercH c 
BepXHHM noncoM KaMepbi paGonero KOJieca h no cyme- 
cTBy BMecTe c KaMepoii npeACTaBJineT coGoh KaK Gbi 
OAHH 061AHH 3JieMeHT npOTOHHOH naCTH rHApOTypSHHbl. 
Ha BepxHeM (Jjjianne KOJitAa pacroneHbi OTBepcTHH, 
b KOTopbie 3anpeccoBbiBaioT jmrHocfjojieBbie, 6poH30Bbie 
hjih APyrne BTyjiKH, HBjiHionmecH noAunmHHKaMH 
hhhchhx Aancf) jionaTOK HanpaBJiHiomero annapaTa. 

f>. TEXHOJIOrHHECKHE IIPHEMLI 
MOHTA MCA 

B HHTepecax npoH3BOACTBa crpoHTejibHbix paGoT 
MOHTa>K KaMepbi paGouero KOJieca jiyurne npon3BOAHTb 
6eciHTpa6HbiM ciiocoGom — ao toto, KaK Gctoh 6yAeT 
AOBeAeH ao OTMeTOK, Ha KOTopbix pacnojiaraioTCH 
ajieMeHTbi KaMepbi. O npeHMyinecTBax, KOTopbie nojiy- 
uaiOTcn npH otom no cpaBiieiiHio c MOHTancoM b niTpa- 
6ax, y>Ke roBopHJiocb b § 4-4 (pa3Aeji B). OAHano 
6ecniTpa6Hbm cnocoS npHMeHHM AaJieKO He bo Bcex 
cjiyuanx. Jfejio b tom, hto Kansan KaMepa, 6yAt OHa 
JIHTOH HJIH CBapHOH, KaK npaBHJIO, TepneT H3-3a MaJIOH 
jKecTKOCTH KOHCTpyKAHH cbok) nepBOHauajibHyio AH“ 
jiHHApHuecKyio (JjopMy. BoccraHaBJiHBaTb 3Ty (|)opMy 
npnxoAHTCH b nponecce MOHTanca c noMOiAbio pacTH- 
H<eK h pacnopoK, ycTaHaBJiHBaeMbix c Hapy>KHOH h c 
BHyTpeHHeii cTopoHbi KaMepbi. HcnpaBJiHTb (J)opMy 
KaMepbi c BHyTpeHHeii CTopoHbi HejierKo, TaK KaK A-an: 
3T0T0 Hy>KHO B03BeCTH AOBOJIbHO MaCCHBHyiO, BbICOTOH 
Ha Bcio KaMepy, KpecToo6pa3Hyio KOHCTpyK ahk> . IIo- 
3T0My 6ecmTpa6HbiM cnocoSoM peKOMeHAyeTC h mohth- 
poBaTb tojibko HeSojibuiHe KaMepbi (AHaMeTpOM ao 
3600 mm), reoMeTpHuecKyio (JjopMy KOTopbix mohcho 6e3 
SojibuiHx 3aTpaT BOCCTaHOBHTb pacTJDKKaMH h pacnop- 
KaMH C BHyTpeHHeii CTopoHbi. 

KaMepbi Sojibmnx AnaMeTpOB bo Bcex cjiynanx 
peKOMeHAyeTcn MOHTHpoBaTb b niTpaOe. Ilpn stom b 
niTpaOe HaAO 3apaHee 3a6eTOHHpoBaTb cneAHajibHbie 
CKoObi ajjh KpenjieHHH pacTH>KeK, a Tannce njiHTbi noA 
pacnopKH h AOMKpaTbi. 

IIonbiTKH MOHTHpoBaTb 6eciHTpa6HbiM cnocoOoM 
KaMepbi OojibuiHx AnaMeTpOB nojioncHTejibHbix pe3yjn»- 
TaTOB He AaJin. Tan, onbiT OecimpaOHoro MOHTanca 
KaMepbi pa6ouero KOJieca A^aMeTpoM 9000 mm, 0Ka- 
3aJiCH iieyAauiibiM. H3r0T0BJieHHbiii ajih Momanca 
KaMepbi AOBOJIbHO MaccHBHbiii (80 t) CBapHoii MeTajuiH- 
necKHH icapicac nocjie ycraHOBKH h AeiiTp h po b a hhh 
BH yTpH KaMepbi 3HaUHTeJIbIIO AC(})OpMHpOBaJIC>I, b pe- 
3yjibTaTe uero HapyniHJiocb h AeHTpHpOBaHi:e KaMepbi; 
ocb ee OTKJiOHHJiacb ot och rnApoarperaxa Ha 3 mm, sepx- 
hhh (f)JiaHeA KaMepbi cTaji HeropH30HTajibHbiM. Jfec})op- 
MaAHH cBapHoro icapicaca npoH3omjia BBHAy nepepac- 
npeAejieHHH b ero ajieMeHTax BHyTpeHHHx HanpnHceHHH, 

B03HHKUIHX npH CBapKe. 

KaMepy paGouero KOJieca peKOMeHAyercn MOHTH¬ 
poBaTb BMecTe c hhhchhm KOJibAOM HanpasjiHioiAero 
annapaTa — eAHHbiM KOMnjieKCOM. IIpH stom kojibao 


it is a single piece. It is directly coupled (with no shoul¬ 
ders) with the upper throat ring and together with the 
case makes up a common part of the water passage. 
Holes are bored in the upper flange of the ring to press 
in lignefol or bronze bushes, or bushes of some other 
material, which function as bearings of the lower 
stems of the guide vanes. 

B. INSTALLATION PROCEDURES 

AND METHODS 

The runner chamber shall be better mounted without 
block-outs before the concrete is placed to elevations 
of its parts. The advantages of this method, as com¬ 
pared with the installation in block-outs, have been 
already discussed in Subsection 4-4, Section B. However, 
the “no-block-out” method is far from being followed 
in all the cases. The point is that any runner case of 
cast or welded construction, loses as a rule its original 
cylindrical shape due to low rigidity of the construction. 
So, the cylindrical shape is to be restored in the process 
of erection with the help of struts and braces provided 
inside and outside the case. To restore the inside shape 
of the case is not an easy thing since this requires the 
installation of a rather massive cross-shaped structure 
to the full height of the runner case. Therefore, the 
“no-block-out” method is recommended only for instal¬ 
lation of small runner cases (up to 3600 mm in dia¬ 
meter), whose geometrical shape can be restored without 
great cost using inner struts and braces. 

In all events large diameter cases are recommended 
to be installed in block-outs; special clips for securing 
braces and plates for braces and jacks shall be embedded 
beforehand. 

Attempts to erect large diameter chambers without 
a block-out were not a success. Such was an unsuccessful 
experience of installation of a runner case, 9000 mm 
in diameter. Rather a heavy (80 ton) welded metal 
frame made specially for the installation of the case, 
considerably deformed after installation and alignment 
within the case with the result that the alignment of 
the case was disturbed; its axis deviated 3 mm from 
the axis of the hydropower unit and the upper flange 
of the case went out of level. The deformation of the 
metal frame was caused by the re-distribution of inner 
stresses in its structural elements that appeared during 
welding. 

The runner case is recommended to be installed 
together with the lower ring of the wicket gates. The 
wicket gate ring here serves a reference part in the 
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nanpaBJTHioiuiero annapaTa cjiy>KHT 6a30H npn BbiBepne 
Bcero 3Toro y3Jia no BbicoTe n othochtcjibho oceii 
rn^poarperaTa, Ecjin b KOHCTpyKiaiHio HH>KHero y3Jia 
bxoaht $y H A^^eHTHoe kojibljo, to ero TO>Ke cjieAyeT 

BKJIIOHHTB B 3TOT MOHTa>KHBIH KOMnJieKC. 

CAaBaxt noA GeTOHHpoBamie na^o BecB KOMnnenc 
AejiHKOM, a He OTAejiBHbie ero nacTH. Ilpn coopymeHim 
SeTOHHoro aokojih (MOHTa>K b impaGe) hcoGxoahmo 
npeAyCMaxpnBart b Bepxnen uacra ero no# hh>khhm 
kojibaom HanpaBJimomero annapaTa cneijHajibHbie npoe- 
mbi, nepea noxopbie mo>kho Gbijio Gbi Ge3 saTpyAHeiiHH 
yKjiaABiBaTb n xopouio npopaGaTBiBaTB impaGHOH Gctoh 
(cm. pnc. 35). 

Ilpn jiioGom cnocoGe MOHTanca 3Toro Hn>KHero y3Jia 
aaKJiaAHbix nacTen Ha oTMeTKe, hcckojibko HH>Ke Bepx- 
Hero (juiaHija KOHyca oTcacBraaiomeH TpyGbi, coopy- 
>KaK)T pa6oHHH Hacraji (pHc. 41). Ha stom HacTHJie 
BnOCJieACTBHH CTpOHT B^OJIb CTeHOK KaMepbl HeGoJIB- 
mne, peryjiHpyeMbie no BbicoTe jieca hjth npocTO ycra- 
HaBJinBaioT n HaAOKHo pacKpenjimoT Taione peryjin- 
pyeMbie no BbicoTe jiccthhabi c njiorqaAKaMH n orpa>K- 
AeHHHMH Rim paSoTbi. B neiixpe stoto Hacrajia aoji>kho 
Gbitb npHcnoco6jieHHe rjik ijeHTpHpo buhhh n npoBepKH 
(JjopMBi KaMepbi, nonasaHHoe na tom >Ke pncyHKe. 
Hhotau 3to npncnocoGjieHHe 3aMeHHiOT ctohkoh, cac- 
jiaHHOH H3 yrojina hjih TpyG. C BepxHen nacra stoh 
ctohkh, H3 tohkh nepeceneHHH ocen arperaTa, onyc- 
KaioT CTpyuy, oTBec KOTOpon ycnoKoeHHH KOJie- 

6aHnn noMemaioT b GauoK c MacJiOM. 3Ta crpyHa, 
QyAynn coBMeiAeiia c ocbio arperaTa, b A^JiBHenuieM 
HBJineTCH 6a3on npn AeHTpnpoBaHnn Bcero Hn>KHero 
y3Jia 3aKJiaAHbix nacTen rHApOTypGnHBi. 

CMOHTnpoBaHHbin hh>khhh y3eji 3ai<jiaAHbix nacTen 
(pnc. 41) pacnojiaraeTcn Ha onopHbix GajiKax. 3 th 
S ajiKH AOJi>KHbi Gbitb 3apaHee 3aAejiaHBi b 6eTOH Tan, 
htoGbi nx BepxHHH onopHan njiocKOCTb Gnuia Ha 15— 
20 mm HHHce npoeKTHon otmctkh. Tanoe 3aHH>KeHHe 
peKOMeHAyeTcn RejmTh ahh toto, htoGbi mo>kho Gbijio 
peryjinpoBaTb noAKJiaAKaMH BbicoTHoe nojio>KeHHe y3Jia 
b cjiyuae, ecjin He GyAyT coGjiioachbi BbicoTHbie pa3- 
Mepbi 4>yHAaMeHTHoro KOJiBija, noncoB naMepbi n hh>k- 
Hero KOJibAa HanpaBJimomero annapaTa. 

Hh>khhh y 3 eji 3 aKJiaAHbix nacTen HeGojiBinnx rnApo- 
TypGnH c A^aMCTpOM paGouero ko jieca ao 3600 mm 
peKOMeHAyeTcn MorrrapOBaTB, npeABapmejibHO ynpyn- 
hhb Ha cGopoHHon njiomaAKe OTAeJiBHBie ero sjieMeHTbi, 
KOTopbie 3aTeM noAaioT Ha MecTO nx nocTommoii ycra- 
hobkh. 

Kai< y>ne Gbijio oTMeneHO panee, ecjin Tanon y3eji 
MOHTHpyioT GecniTpaGHbiM oiocoGom, to c[>opMy ero 
HcnpaBJiHioT c BHyTpeHHen CTOpOHbi c noMom;bio pa- 
CTHHcen n pacnopOK b bhac ynpomeHHbix AOMKpaTOB. 
3 th pacTH>KKn n pacnopRn ycraHaBjiHBaiOT b hcckojib- 
khx ceneHnnx no BbicoTe Me>KAy BHyTpeHHen noBepx- 
hoctbk) y3Jia n cneijHajiBHOH KpecTOo6pa3Hon MeTajuio- 
KOHCTpyKAnen, pacnojiomeHHon b ijeriTpe y3Jia no 
Been ero BbicoTe. PacKpenneHHbie BHyTpn y3Jia pacm>K- 
kh n pacnopRn He cHHMaiOT ao Tex nop ? nona GeTOH, 
KOTopbiM GeTOHHpyioT 3 tot y3eji ? He HaGepeT 80% 


adjustment and check-up of the entire assembly for 
its height and positioning relative to the axes of the 
hydropower unit. If the lower assembly includes a 
foundation ring, it should be also installed together 
with the runner case. 

Concreting may be started only after the whole 
assembly is ready and installed. When placing concrete 
in the pedestal (assembly in a block-out) it is necessary 
to provide in its upper part, under the lower ring 
of the wicket gate, special openings which can afford 
easy and proper placement of block-out concrete (see 
Fig. 35). 

To install the embedded parts of the lower assembly 
by any method at an elevation a little below the upper 
flange of the draft tube cone, a service platform shall 
be constructed (Fig. 41) to carry small scaffolds (adjus¬ 
table in height) along the runner case walls or properly 
secured stairs, also adjustable in height, with landings 
and railing. In the centre of the platform there should 
be a device for centring and checking the shape of the 
chamber (see Fig. 41). Sometimes, the above device is 
replaced by a post made of angles or pipes. From the 
post top, at the point of intersection of the unit axes, 
a wire string is suspended, its plumb being immersed 
in an oil tank to damp vibrations. The string aligned 
with the axis of the unit will serve as a reference line 
for aligning the entire lower assembly of the turbine 
embedded parts. 

The complete lower assembly of embedded parts 
(Fig. 41) rests on support beams which are to be em¬ 
bedded into concrete beforehand so that their upper 
support plane is 15—20 mm below the design elevation. 
This difference in elevations is recommended to be 
able to adjust the assembly to elevation by means of 
shims in case the foundation ring, throat rings and 
wicket gate lower ring are not set to proper elevation. 

The lower assembly of embedded parts of small 
turbines with a runner diameter up to 3600 mm is 
recommended to be installed after separate elements 
are pre-assembled at the assembly bay and then hand¬ 
led to the place of their installation. 

As has been already mentioned, when such an 
assembly is installed without block-outs, its shape is 
restored from inside with the aid of braces and struts 
functioning as simplified jacks. The braces and struts 
are arranged in several sections over the height between 
the inner surface of the assembly and a special cruci¬ 
form metalwork installed in the middle of the assembly 
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pacueTHOH npoHHOCTH. YcTaHOBJieHHbiH GecmTpaGHbiM 
cnocoGoM y3eji HaAe>KHo pacKpenjimoT pacTH>KKaMn c 
TaJipenaMH h pacnocaMH H3 yrojiKOB, KOTopbie npuBapn- 
eaioT oahhm kohijom k BbinycKaM apMaTypbi GeTOHa b 
ocHOBamm y3Jia, a Apyrra — k peGpaM >kcctkocth, 
pacnoJio>KeHHbiM b HecKOJibKHX ceueiiHHX no BbicoTe 
Hapy>KHOH noBepxHOCTH 3Toro y3Jia. IIo bo3mo>khocth 
pacTH>KKH cjieAyeT pacKpenjmTb h no ropH30HTajin b 
HecKOJibKHX ceueiipmx no BbicoTe. KpoMe Toro, c Hapy>K- 
hoh CTopoHbi KaMepbi AOJDKHbi GbiTB npHBapeHbi 
aHKepbi. 

nepeA CAauen y3Jia noA GeTOHHpOBaHne HaAo Tiija- 
TejiBHO npOBepHTB ero Bbicoraoe nojio>KeHHe n pacno- 
jio>KeHHe OTHocHTejiBHO ocen rHApoarperaTa. BbicoTHoe 
noJio>Kei-me h ropH30HTaJiBHOCTB npoBepmoT c homoiabio 
HHBejiHpOBKH, npoH3BOAHMOH He MeHee neM B BOCBMH 
Tonnax, paBHOMepHo pacnojio>KeHHbix Ha TonenoH 
BepxHeii noBepxHOCTH HH>KHero KOJirna HanpaBJiHioinero 
annapaTa. PeryjinpyiOT BbicoTHoe nojion<eHHe h ropH- 
30HTa jibhoctb y3Jia b npoitecce MOHTa>Ka c noMombio 
MepHbix noAKJiaAOK, ycTaHaBJiHBaeMbix Ha onopHbix 
GaJinax. IIpnGeraiOT TaK>Ke k noAGHBKe BCTpeuHbix 
napHbix KJiHHLeB, ycTaHaBJiHBaeMbix Ha xex >Ke GaJinax, 
hjih peryjiHpyiox npn noMOiAH otjkhmhbix Gojitob 13 
(cm. pnc. 41 ). 

TeoMeTpHnecKyio 4>opMy BHyTpeHHen pacTOHKH y3Jia 
h pacnojio>KeHHe ero othochtcjibho och arperaTa npo- 
BepniOT c noMOiABK) noKa3aHHbix Ha pHc. 41 npncnocoG- 
jieHHH (BapnaHTbi I h II) hjih me inraxMaccoM. 3aMepbi 
HiTHXMaccoM npOH3BOAHT b Tpex ceueHHHX no BbicoTe 
y3Jia ot cTpyiibi, npoxoAHHteH nepe3 rjemp arperaTa, 
Ao 3aMepneMOH tohkh Ha BHyTpeHHen noBepxHOCTH. 
Tanne H3MepeHHH cjieAyeT npOH3BOAHTb He MeHee ueM 
B BOCBMH npOTHBOnOJIO>KHbIX TOHKaX, paBHOMepHO pac- 
nOJIOHCeHHblX no OKpy>KHOCTH. AGcOJIIOTHbie BeJIHHHHbl 
pa3MepOB onpeACJimoT KajinGpOBaHHOH pyjieTKon b 
3Thx me ceueHHHx no BbicoTe h OKpy>KHOCTH. 

IIpaBH jibho ctb pacnojio>KeHHH y3Jia othochtcjibho 
oceii rHApoarperaTa npOBepmoT, conocTaBJinn pac- 
nojio>KeHHH oceBbix phcok xh y 9 HaHeceHHbix Ha hh>k- 
HeM KOJiBuje HanpaBJimomero annapaTa, c cooTBeTCTByio- 
iahmh ochmh arperaTa. Ilpn MOHTa>Ke Tanoe coBMeute- 
HHe oceii npoH3BOAHT, noBopanKBan y3eji BOKpyr ero 
och h nepeMeman y3eji b ropn30HTajiBHOM HanpaB jichhh 
c noMombio noAi>eMHbix KpaHOB, AoivuqpaTOB h pacnop- 
Hbix Gojitob. 

Ilpn npoBepne nojionceHHH y3Jia othochtcjibho 
AeHTpajiBHOH och rjiaBHon TexHOJiorHuecKOH 6a30H Ha 
y3Jie HBJineTCH npoToneHHaH pe3u;0M pnena (KanaBKa) 
Ha BepxHen noBepxHOCTH HH>KHero KOJiBna HanpaBJimo- 
inero annapaTa. 3Ta pnena npeACTaBJineT coGoh OKpync- 
hoctb, npoxoAmnyio uepe3 neHTpbi paBHOMepHo pac- 
nojio>i<eiiHbix Ha Hen OTBepcran noA Aan<J)bi jionaTOK 
HanpaBJimomero annapaTa. Ecjih neHTpbi otacjibhbix 
noncoB KaMepbi h HH>KHero KOJibpa HanpaBJimomero 
annapaTa He coBnaAaiOT Apyr c ApyroM, to OTBepcTHH 
noA uiTH(J)Tbi Ha paAnajiBHbix h ropn30HTajiBHbix pa3b- 
eMax cjieAyeT nepecBepjiHTB h pa3BepHyTB bhobb, ihth(J)- 


over its entire height. The braces and struts secured 
inside the assembly are not removed until the concrete 
placed in the assembly attains its 80 per cent design 
strength. An assembly installed by the “no-block-out” 
method is to be securely fastened by braces with turn- 
buckles and diagonal braces made of angles, which 
are welded with their one end to the rebars at the 
assembly base and with the other end, to the stiffeners 
provided in some sections over the outer surface 
height of the assembly. Wherever possible, the braces 
shall be secured horizontally in several sections over 
the height. Besides, anchors should be welded to the 
chamber from the outside. 

Before the whole assembly is released for concreting, 
it should be thoroughly checked for elevation and for 
alignment relative to the hydropower unit axes. Ele¬ 
vation and level shall be checked by a transit from 
eight points at least, spaced at regular intervals on the 
turned top surface of the wicket gate lower ring. The 
elevation and level of the assembly shall be adjusted 
in the course of installation by shims set on support 
beams. Sometimes pairs of opposing wedges fit on 
the same beams or jack bolts 13 are used (Fig. 41). 

The geometrical shape of the internal bore of the 
assembly and its setting relative to the hydropower 
unit axis are checked with the help of devices shown 
on Fig. 41 (alternatives I and II) or by a rod gauge. 
Measurements by a rod gauge are made in three sec¬ 
tions for the height of the assembly from a wire string 
passing through the hydropower unit centre to the 
point to be measured on the internal surface. The 
above measurements shall be made at least at eight 
opposite points equally spaced over the circumference. 
Absolute dimensions over the height and circumference 
are measured by a graduated tape in the same sections. 

The assembly setting relative to the axes of the 
hydropower unit is checked by comparing the location 
of axis gauge marks “x” and “y n made on the wicket 
gate lower ring with the respective axes of the hydro- 
power unit. In the course of installation such an align¬ 
ment of axes is made by turning the assembly about 
its axis and moving it horizontally by hoisting cranes, 
jacks and stay bolts. 

The alignment of the assembly relative to the cen¬ 
treline is checked referring to a grooving tool mark 
(notch) on the top surface of the wicket gate lower 
ring. This notch is a circle passing through the centres 
of equally spaced holes for wicket gate stems. If the 
centres of the throat rings and of wicket gate lower 
ring are not aligned, the holes for stems on the radial 
and horizontal joints shall be re-bored and re-reamed. 
The stems shall be re-placed and the bolt holes shall 
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TBI 3aMeHHTBj a OTBepCTHH no# Sojitbi paccBepjiHTB Ha 
6ojibihhh AnaMerp ro iiojihoh noAroTOBKH kohach- 
TpHHHOCTH. 

Y3eji pa3pemaeTCH CAaTB no a SeTomipoBaHne, ecjin 
oh nocjie OKOHHaTejiBHoro pacKpeiuieHHH He 6yAer 
HMeTB He ao ny cthmbix otkjiohchhh ot bbicothoh otmct- 
kh, ropn30HTajibHocTH h ocefi rHApoarperaTa. Ecjih 
MOHT a>K np0H3BoAHTCH b impafie, to nepeA stoh npo- 
BepKOH cjieAyeT pa3BapnTB pe3B6oBBie coeAHHeHHH 
AOMKpaTOB h TanpenoB h KpenjieHHH k onopaM c tcm, 
htoSbi b npoijecce SeTOHHpOBaHHH hckjiiohhtb KaKHe- 
jih6o nepeMeiqeHHH KpenniAHx ycrpoHCTB. Ha cacIhhbih 
noA 6eTOH y3eji cocraBJiHioT aKT c npHjrc»KeHHeM (J)op- 
Myjinpa (pnc. 42), b kotopbih HapHAy c tjjaKTHuecKHMH 
AaHHBIMH 3aMepOB 3anHCBIBaK)T H ABHHBie 06 OTKJIO- 
HeHHHx, Aony cthmbix no TexHHuecKHM ycjiOBHHM, npn- 
BeACHHBIM B Ta6jl. 3. 


be bored to a greater diameter until full concentricity 
is obtained. 

The assembly may be released for concreting if, 
after it is finally braced, there is no inadmissible deflec¬ 
tion from the bench mark, from level plane and axes 
of the hydropower unit. If all installation operations 
were carried out in a block-out, then before checking 
the thread of jacks and turnbuckles and the struts 
shall be welded to the supports so as to preclude any 
displacement of fastenings during concreting. When 
the assembly is ready and released for concreting, 
an acceptance certificate is made up with a record 
sheet attached thereto (Fig. 42), which contains actual 
measurement data and data on tolerances allowed by 
Specifications (see Table 3). 



^ Phc. 42. <J>opAiyjiHp ycTOHOBKH KaMepbi pa 6 o^ero 
Kojieca h HH>KHero KoJibi;a HanpaBJiHiomero annapaTa 

Fig. 42. Record Sheet of Installation of Runner Case 
and Wicket Gate Distributor Ring 
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I — ocb noBopoTa JionacTen paScroero KOJieca I — axis of runner blade tilting 

II — ipuiHHflpiraecKaH MacTb KaMepbi II — cylindrical part of case 

III — c4>epn*iecKaH uacib KaMepbi III — spherical part of case 

IV — ycxaHOBouHbie mctkh IV — locating marks 
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Ecjih hhhchhh y3eji MOHTHpyiOT, KorAa BepxHee 
kojibao HanpaBJiHiomero annapaTa y>Ke ycTaHOBjieHo 
(hto bo 3 mo>kho npn coBAiemeHHH nocJieAHero co era- 
topom), to neHTpHpOBaHne HHHCHero y3Jia othoch- 
TejiBHO ocen h no bbicotc cjieAyeT np0H3B0AHTB c 
yneTOM otkjiohchhh, AonymeHHbix npn MOHTa>Ke Bepx- 
Hero KOJiBija HanpaBJiHiomero annapaTa. Ilpn 3 tom 
HCXOAHOH 6a30H AJin AeHTpHpOBaHHH OTHOCHTeJIBHO 
och HBJineTCH OKpy>KHocTB, npoxoAHiA^H nepe3 nempBi 
OTBepcTHH noA nan(j)Bi jionaTOK b BepxHeM KOJibne 
HanpaBJiHioinero annapaTa. Bbicothoc nojio>Keime aoji- 
>kho onpeAejiOTBCH no paccroHHHHM Me>i<Ay npoToneH- 
HBIMH noA JIOnaTKH nJIOCKOCTHMH Ha BepxHeM H HH>KHeM 
KOJiBnax HanpaBJiHiomero annapaTa. Gnoco6 neHTpnpo- 
BaHHH OTHOCHTeJIBHO och npn TaKOM BapHaHTe MOH- 
Ta>Ka 6yAeT aHajioraueH cnoco6y, H3Jio>KeHHOMy b 
§ 4-5 (pa3AeJi E). 

Bbirne Mbi noApo6HO paccMOTpejin Bonpocbi ycra- 
HOBKH, AeHTpHp OB aHHH, KpenJieHHH H npOBepKH HH2K- 
Hero y3Jia rjix . cjiynaeB, KorAa oh ycraHaB jihb aeTCH Ha 
Mecro, SyAynH acjihkom co6paH Ha cSoponHon njio- 
maAKe. OAHano npeAsapHTejiBHoe yKpynHeHHe KaMep 
60JIBUIHX A HaMeT P 0B Henejiecoo6pa3Ho, a nopoii h 
H eB03M0>KH0, BO-nepBblX, H3-3a HeAOCTaTOHHOH >KeCT- 
kocth KaMep h, bo BTopbix, H3-3a Toro, hto k Hanajiy 
MOHTa>Ka HH>KHero y3Jia non beMiibie cpeACTBa Heo6xo- 
AHmoh rpy3onoAT>eMHOCTH, KaK npaBHJio, eiqe oxcyT- 
CTByiOT. 

IIoaTOMy hhhchhh y3eji 3aKJiaAHbix nacTen thapo- 
TypSHH Sojibiiihx A^aMeTpoB coSnpaioT b onpeAejieHHOH 
TexHOJiorHnecKOH no cJieAOB aTejiBHocra H3 OTAeJiBHbix 
cerMeHTOB HenocpeACTBeHHo Ha Mecre ycTaHOBKH, T.e. 
b nrrpaSe 6eTOHHoro aokojih cnnpajiBHOH KaMepbi. 
Xoth Bee H3Jio>KeHHbie Bbirne TexHOjiornnecKHe nojio- 
HceHHH pacnpocrpaHHioTCH b o6iahx nepTax h Ha cjiy- 
nan nosjieMeiiTHoro MonraHca, npoH3BOAHMoro b iinpafie, 
Bee nee HMeioTCH h HeKOTopbie ocoSeHHOcTH, npHcymne 
TOJIBKO 3TOH nOSJieMCHTHOH cfiopKe, Ha KOTOpbIX HCJIB3H 

He ocTaHOBHTBCH. Tan, ecjiH rpy3onoAi>eMHbie h Tane- 
Jia>KHbie cpeACTBa n03B0JIHI0T np0H3B0AHTB ropH30H- 
TajiBHbie h BepTHKajiBHbie nepeMeineHHH Bcero y3Jia, 
to nosjieMeHTHyio cSopKy peKOMeHAy ctch AeJiaTB tojibko 
c np eABapHTejiBHOH rpySon BbiBepKon h ijeHTpHp ob a- 
HHeM Ka>KAoro OTACJiBHoro noHca. OKOHnaTejiBHoe 
ACHTpHpoBaHHe h BbisepKy y3Jia cjieAyer npoH3BOAHTB 
nocjie Toro, KaK y3eji 6yAer nojiHocTBio co6pan. Ilpn 
3TOM, TaK >Ke KaK h b cjiynanx KpynHofijionHoro moh- 
Ta>Ka, 3a ocHOBHyio TexHOJiorHnecKyio 6a3y Ha y3Jie 
npHHHMaiOT HH>KHee kojibao HanpaBJiHioiAero annapa¬ 
Ta — ero BepxHioio Tonemiyio njiocKocTB n oceByio 
pHCKy, npoxoAHinyie nepe3 AenTpbi BTyjiOK no a A aB (j)bi 
JionaTOK. TaKon cnoco6 MOHTa>Ka H36aBJineT ot HeHyHC- 
Hbix padoT, Bbi3biBaeMbix HajionceHHeM Apyr Ha Apyra 
B 03M05KHBIX OUIHSoK 3aBOACKOrO H3rOTOBJieHHH. ECJIH 


When the lower assembly is mounted with the 
upper wicket gate ring already installed (that is possible 
if the upper ring fits well with the stay ring), then the 
lower assembly is centred relative to the axes and to 
elevation with due regard for tolerances made in 
mounting the upper wicket gate ring. The reference 
basis in centring relative to the axis is the circle passing 
through the centers of the holes for wicket gate stems 
in the upper wicket gate ring. The elevation shall be 
determined by distances between the seats for the 
guide vanes machined on the upper and lower wicket 
gate rings. The method of alignment relative to the 
axis in the given alternative is the same as described 
in Section 4-5, Subsection B. 

The above discussion is concerned with the installa¬ 
tion, alignment, fixation, and check-up of the lower 
assembly for the cases when it is lowered onto the 
place of installation after it has already been pre¬ 
assembled at the assembly floor. However, pre-assembly 
of large diameter cases is not reasonable and sometimes 
even impossible first, because of inadequate rigidity of 
the cases and, secondly, because, as a rule, hoisting 
equipment of the required lifting capacity is not yet 
available at the starting period of installation of the 
lower assembly. 

Therefore, the lower assembly of the embedded 
parts of large diameter turbines is assembled of separate 
sections in a particular sequence directly, at the place 
of installation, i.e. in the block-out of a concrete 
pedestal of the scroll case. Although the above instah 
lation particulars are true in general for the cases of 
piece-by-piece installation performed in a block-out, 
nevertheless, some distinctive features are characteristic 
of the piece-by-piece method that is worth mentioning. 
If hoisting and rigging equipment makes it possible 
to move the whole .assembly in the vertical and hori¬ 
zontal directions, the piece-by-piece installation is re¬ 
commended to be carried out only after every throat 
ring is roughly adjusted and aligned. A final adjust¬ 
ment and alignment of the assembly should be done 
after the assembly is completely set up. In the process, 
similar to the cases of large subassemblies installation, 
the lower wicket gate ring is taken as the reference 
part: the upper machined plane of the ring and the 
axis gauge mark passing through the centres of the 
gate stem bushes. Such a method of installation saves 
from unnecessary operations which may be caused 
by piling up fabrication errors. If te vertical alignment 
of all the components is measured in the field and the 
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Phc. 43. YcTanoBKa cerMeHTOB KaMepbi pa6ouero 
KOJieca noBOpoTHO-JionacTHOH rn^pOTypSimbi 


Fig. 43. Installation of runner blade sections 
of adjustable-blade-hydraulic turbine 


npoH3BecTH HaTypHbie saMepbi bccx cocraBJiHion^Hx 
ajieMeHTOB no BepTHKajin n c yneTOM sthx ^aHHbix 
BbicTaBHTL npoKJia^KH noA (fjyH^aMeHTHoe kojibijo hjih 
nOA HHHCHHH nOHC KaMepbi, TO BbICOTHOe nOJIO>KeHHe 
yCTaHOBJieHHoro y3Jia mo>kct coBnacTt c Tpe6yeMon 
OTMeTKon. n P H TaKOH cxeMe paSoT nojinocTbio co6paH- 
Hbin y3en Hy>KHo 6y^eT BbiBepnTb no ropH30HTajn>HOCTH 
n OTHocHTejibHo oceii. 

CSopna oT^ejitHbix sjieMeHTOB (cerMeHTOB) KaMepbi 
n HH>KHero KOJibi^a HanpaBJimomero annapaTa noKa3aHa 
Ha pnc. 43 n 44. CTbiKOBKy n yCTaHOB Ky nocjieAHHx 
cerMeHTOB KaMepbi n HH>KHero KOJibija npoH3BOAHT 
cnoco6oM, onncaHHbiM b § 4-5 (pa3,n;eji B). TpeSoBaiinn 
k no,n;roTOBKe cerMeHTOB k MOHTa>Ky, 3aTH>KKe 
CTbIKOB H 6eTOHHpOBaHHIO y3Jia H3JIO>KeHbI B § 4-2 

h 4-3. 


data obtained are taken into account while fitting 
shims under the foundation ring or under the discharge 
ring, the elevation of the installed assembly may coin¬ 
cide with the required elevation. Following this instal¬ 
lation sequence the complete assembly shall be aligned 
relative to the axes and in level. 

Assembly of separate components (sections) of a 
case and a lower wicket gate ring is shown on Figs 43 
and 44. The last sections of the runner chamber and 
lower ring are to be joined and mounted following the 
procedure described under Section 4-5, Subsection B. 
Requirements to the preparation of sections for instal¬ 
lation, tightening of joints and concreting of the as¬ 
sembly are contained under Sections 4-2 and 4-3. 
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Phc. 44. YcraHOBKa cemeHTa HHjKHero KOJibija 
HanpaBjiHiomero annapaTa 

Fig. 44. Installation of segment of wicket gate 
distributor ring 


4-7. HAHOPHblE Eli flPOT YPEHHHME 
KAMEPbl 

A, KOHCTPy&IJHH H HA3HAHEHIIF 

HanopHbie TypSnHHbie KaMepbi Hefiojibumx runpo- 
arperaTOB MoryT HMeTb bha jih6o OTKpbiTOH maxTbi 
qeTbipexyrojibiioro ceqe hhh b nnaHe, jih6o 3aKpbrroH 
uiaxTbi, HMeioiiteH (JiopMy nHJiimnpa hjih yceqeHHoro 
KOHyca (TypfiHHbi KOTentHbie h npHMOTOHHbie). B 
rnnpaBJiHqecKOM OTHomeHHH npennoqraTejibHee ot- 
KpbiTan KaMepa, ho KpynHbix rHApoarperaTOB OHa 
Majio npnroAHa, TaK KaK, htoSbi oGecnemiTh ee xopo- 
uiHe KanecTBa, npHUiJiocb 6bi HaMHoro yBejiHHHTb ee 
pa3Mepbi, a sto noTpefioBano 6bi SHauHTejiLHbix 3aTpaT. 
IIo3TOMy KpynHbie rHApoarperaTbi HMeiOT 3aKpbiTbie 
HanopHbie KaMepbi, npeACTaBJimomHe coSoh b njiaHe 
cnnpajib, KOTopan nojiHocTbio hjih noura nojiHocTbio 
oxBaTbiBaeT OKpy>KHOCTb rHApoTypSHHbi. 3Ta cnnpajib 
b Mecre oxBaTa rHApoTypdHHbi HMeeT yMeHbiuaiomeecH 
no HanpaBJieHHio noTOKa boabi paAnajibHoe rionepen- 
Hoe npHMoyrojiLHoe hjih Kpyrjioe ceuemie. Tai<an (JiopMa 
KaMepbi odecneHHBaeT 6ojiee paBHOMepHbiii noABOA 
boabi k rnApOTypSnHe, npnqeM cKopocTb noTOKa 
boabi bo Bcex ceneHHHx ero oeraeTcn npaKTHuecKH 

OAHHaKOBOH. 

THApoTypSHHbi noBopoTHO-JionacTHoro THna, ycra- 
HaBJiHBaeMbie Ha HH3KOHanopHbix raAp ocTaHijHHx, KaK 
npaBHJio, HMeiOT 6exoHHyio cnHpajibHyio KaMepy npn- 
MoyrojibHoro ceuemm, TaK Kan 3Ta <J>opMa npome Bcero 
b H3roTOBjieHHH. Tana* KaMepa mo>kct 6bitb Kan Heofi- 

JIHAOBaHHOH, TaK H odjIHIJOBaHHOH MeTaJIJIHUeCKHMH 
JIHCTaMH. OSblHHO odjIHIJOBblBaiOT TOJIBKO yuaCTKH, 
conpnraioiAHecH c BepxHHM h hh>khhm KOJiLijaMH 
CTaTopa, ho HHorAa jihctbi HaKJiaABiBaiOT TaK>Ke Ha 
CTeHbi h Aa>Ke Ha noTOJioK KaMepBi. 

PaAHajibHO-oceBbie rHApOTypSnHbi, HMeiomne cpas- 
HHTeJIbHO BBICOKHe Hanopbl, ofiblHHO CHa6>KaiOTC5I Me- 


4-7, PRESSURE HYDRAULIC TURBINE 
CASES 

A. MECHANICAL DESIGN AND PURPOSE 

The pressure turbine cases of small hydropower 
units are designed either in the form of an open square 
(in plan) shaft or an enclosed shaft in the form of a 
cylinder or truncated cone (cased and tubular turbines). 
From the hydraulic point of view an open chamber 
is more preferable, but in the case of large hydropower 
units it is hardly applicable because to obtain good 
performance, its size should be greatly increased thereby 
involving considerable expenditures. That is why large 
hydropower units are provided with an enclosed pres¬ 
sure case which is a scroll tapered in the direction 
of water flow and partially or fully embracing the 
turbine circumference; the scroll may be of a radial, 
square, or circular cross-section. Such a shape of the 
runner case guarantees a more uniform water supply 
to the turbine; the water flow rate in all its sections 
remains practically the same. 

Adjustable-blade turbines, which are usually instal¬ 
led at low-head hydroelectric plants are, as a rule, 
equipped with a concrete square-shape scroll case, 
since it is the simplest one to manufacture. Such a 
scroll case may be unlined or lined with steel sheets. 
Usually, the liner is provided only on the area adjacent 
to the upper and lower stay rings, but sometimes the 
walls and even the ceiling of the scroll case are lined 
with steel sheets. 

Radial-axial hydraulic turbines designed for com¬ 
paratively high heads are usually equipped with cast 
steel scroll cases and more often with welded scroll 


Phc. 45. KoHTpoji&Haa c6opKa cimpajibHOH Ka- 
Mept>i na 3aBOfle-H3roTOBHTejie 


Fig. 45. Check-up assembly of scroll case at 
manufacturing plant 
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TajuiHtiecKHMH jihtbimh, a eme Marine CBapHtiMH cnn- 
pajitHbiMH KamepaMH (pnc. 45). MeTajuinnecKaH KaMepa 
npe^CTaBJiner coGoh CBepHyTyio b cnnpajiB TpyGy 

IJHJIHHApHHeCKOH HJIH nOHTH IJHJIHHApHHeCKOH (jjOpMbl 
c cy>KHBaioiqHMCH ce^eHHCM. 3Ta TpyGa no BHyrpeH- 
HeMy ^naMeTpy oinpajiH HMeeT npope 3 B, KOTopon 0Ha 
conpnraeTCH co CTaTOpOM rHApoTypGnHbi, TaK hto noTOK 
boabi, npoHAH nepe3 Hee h craTop, nocTynaer b Ha- 
npaBJimoiqHH annapaT. 

JlHTyio cnHpajibHyio KaMepy oGbihho b SeroH He 
3aAejibiBaiOT, a ycranaBJiMBaiOT oxKpbiTo, noAJiHBan 
GeTOHOM tojibko ee hh>khioio nacTB. CsapHyio cnnpajit- 
Hyio KaMepy 3a^ejibiBaiOT b GeTOH nacTHHHo hjih noji- 

HOCTBIO. 

B 3aBHCHM0CTH OT Hanopa, Ha KOTOpblH paCCHHTaHa 
rHApOTypGHHa, ctchkh cBapHOH cnnpajiBHOH KaMepbi 
HMeK)T pa3HyiO TOJIIUHHy. B COBpeMCHHblX KOHCTpyK- 
i^hhx 0 Ha KOJieGneTCH b npe^ejiax ot 10 70 mm. 

MaTepnan, npHMeHHeMbiii npn H3roTOBjieHHH KaMep, 
no 3 thm >Ke coGpanceHHHM HMeeT pa3jiHHHbie MapKH. 
Bojibmen nacTBio HcnojiB3yioTCH KOHCTpyKijHOHHbie 
erajin, pence HH3K0JierHp0BaHHbie. 

CBapHyK) cnnpajiBHyio KaMepy ^eJiaiOT H3 otacjib- 
Hbix 3BeHBeB. Ha 3aB0Ae-H3r0T0BHTejie sth 3 bchbh 
npOXOAHT TOJIBKO KOHTpOJIBHyiO cGopKy Ha OAHOM H3 
CTaTopoB cepHH, npHneM c npHMeHeHHeM jihuib Bpe- 
MeHHbix KpemieHHH. OKOHnaTejiBHyio cGopKy h CBapKy 
KaMepbi npoH3BOAHT Ha Mecre Momanca. Pa3Mepbi 
OTnpaBJineMbix Ha Momanc 3BeiibeB A^KTyiOTCH ycno- 
BHHMH >KeJie3HOAOpO>KHbIX nepeB030K. 

Pa3HOBHAHOCTBK) CnHp aJIBHOH KaMepbi MOHeeT GbITB 
AByxnoABOAHan cnnpajiBHaH KaMepa, KOTopaa npoeKTH- 
pOBajiacb h H3roTaBjiHBajiacB Ha JleHHHrp aACKOM Me- 
TajiJiHnecKOM 3aBOAe hmchh XXII CT>e3Aa KIICC 



Phc. 46. JlByxnoflBOAHaH cimpajiLHan 
KaMepa, ycTaHOBJieHHan Ha EyxTapMHHc- 
koh T3C 

Fig. 46. Bifurcated scroll case installed 
at the Bukhtarminskaya hydroelectric 
power plant 


(pnc. 46). 3Ta KaMepa BnepBbie b mhpoboh npaKTHKe 
Gbuia ycTaHOBJieHa b 1964 r. Ha oahoh H 3 TypGHH Byx- 
TapMHHCKOH T3C. OcoGeHHOCTB 3 T 0 H CTHpaJIH CBOAHTCH 
k TOMy, hto 3ACCB ot Ka>KAoro noABOAa boas noAaeTCH 
k nojioBHHe nepHMeTpa HanpaBJiHiomero annapaTa. B 

OTJIHHHe OT oGbIHHOH CIIHpajIH, npH KOTOpOH CTaTOp 
TypGuHbi HcnbiTbiBaeT HepaBHOMepHyio no nepHMeTpy 
Harpysny, b AByxnoABOAHOH KaMepe 3Ta HepaBHOMep- 
HOCTB 3HaHHTeJIBHO yMeHBHiaeTCH. 3 T 0 n03B0JIHeT 

yMeHBHiHTB TOjnij[HHy MeTajuia oGojiohkh cnnpajiH, hto 


cases (Fig. 45). A steel scroll case is a taper pipe of a 
cylindrical or almost cylindrical shape placed in a 
scroll. A slot is provided over the inner scroll periphery 
for jointing with the turbine stay ring so that the 
water flow passes through the slot and stay ring and 
reaches the wicket gates. 

The cast scroll case is usually not embedded into 
concrete; it is exposed and only its lower portion is 
grouted in concrete. The welded scroll case is embedded 
partially or completely into concrete. 

The thickness of the scroll case walls depends on 
the rated head of the turbine. In state-of-the-art scroll 
cases the wall thickness varies from 10 to 70 mm. 
The same criterion dictates the grade of the material 
used for manufacturing the scroll case: in most cases 
it is constructional steel, and more seldom it is alloy 
steel. 

The welded scroll case is made of separate sections; 
the check assembly of these sections is made on one 
of the stay rings of the given series using only tempo¬ 
rary braces. The final assembly and welding of the 
scroll case are done in the field at the place of installation. 
The size of scroll case sections to be shipped to the 
job site, is governed by the railway transport condi¬ 
tions. 

Another type of a scroll case is a bifurcated scroll 
case which has been designed and manufactured at 
the Leningrad Metal Works (LMZ) named after the 
XXII Congress of CPSU (Fig. 46). The scroll case 
unprecedented in world’s practice was installed on 
one of the turbines at the Boukhtarma hydroelectric 
power plant (USSR) in 1964. This scroll case is charac¬ 
terized in that water is supplied from each scroll case 
passage to half the wicket gates. 

As distinct from a standard scroll case in which 
the stay ring takes uneven loads over the periphery, 
in the bifurcated scroll case the load division over the 
periphery is much more uniform. This allows foi 
having a thinner metal spiral casing which is particu- 
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HMeeT ocoGoe ananeime npH H3roTOBJieHHH yHHKajiBHbix 
raAPOTypGHH. npH AByxnoABOAHOH KaMepe Tannce 
yMeHBHiaeTCH HepaBHOMepHOCTB B03AeHCTBHH nOTOKa 
boabi Ha paGonee KOJieco TypGnHbi. 

YcraHOBKa AByxnoABOAHofi cnupajiBHOH KaMepbi 
Aejiecoo6pa3Ha b Tex cjiynaax, KorAa bo m k lypGime 
noABOAHTcn no JiBym HanopHbiM TpyGonpoBOAaM, hto 
ocsoGoHCAaer ot hstotobjichkh cjionmoro h TpynoeM- 
Koro TpoiiHHKa. KpoMe Toro, yMeHBmeHHe TOJimnHbi 
Mexajuia cnupajin oGnernaeT ee mohtujk . Bee sth npen- 
MymecTBa no3BOJiHK)T cacjiutb bbiboa o tom, hto 
KOH crpyKAHH AByxnoABOAHbix cnupajiBHbix KaMep Han- 
AeT ceGe iunpoKoe npHMeHeHHe. 

C BHeApeHneM b rHApocrpoHTejiBCTBO ycnjieHHoro 
Hcejie 3 o 6 eTOHa CMoryT Hafira ceGe npHMeHeHHe enn- 
pajibHbie KaMepbi aah pannajiBHO-oceBbix rnApoTypGnH 
cpeAHHX h bbicokhx HanopoB. 

IT CEOFKA CBAPHLIX CFIIIPAJILIILIX 
KAMEP 

Moma>K cnnpajiBHbix KaMep coctoht H 3 Asyx 
TexHOJiorHnecKH CBH3aHHbix mokay coGoh npoueccoB: 
cGopKH Ha 3 JieKTpOCBapOHHbIX npHXBaTKaX OTACJIBHbIX 
cerMeHTOB KaMepbi b oaho uenoe h CBapKH sthx cer- 
MeHTOB b MecTax conpHHceHHH Apyr c APyroM h co 
craTopoM rHApoTypGHHbi. CGopna h CBapna MoryT 
npoH 3 BOAHTBCH Kan napajuiejiBHo, TaK h nocjieAOBa- 
TejiBHO. B nepBOM cjiyuae CBapKa, b tom nncjie h 
OKOH naTeABHan, cjieAyeT KaK Gbi no nHTaM 3 a cGopnofi, 
jihuib HecKOJiBKO OTcraBaH ot Hee, bo BTopoM cjiyuae 
k oKOHuaTejiBHofi CBapne npncTynaiOT jihihb nocjie 
cGopKH Bcex 3 BeHBeB KaMepbi (3a HCKmoueHiieM BCTaB- 
kh). OAHaKO h bo BTopoM cjiyuae nocjieAyK>iuyio ceK- 
AHio npnroHHiOT k npeABiAyiueM, KorAa y nocjieAHeu 
3 aBapeHbi Bee npoAOJiBHbie hibbi h okojio 30—40% 

KOJIBAeBbIX. 

Hnn<e pa 36 epeM otacjibho oGa npouecca, cocTaBAH- 
K 3 IUHX 3 TOT KOMnjieKC paGoT. MOHTa>K CneAHaJIBHbIX 
KaMep mojkho HauHHaTB nocjie ycTaHOBKH h pacKpen- 
jieHHH CTaTopa rHApoTypGuHbi h cooTBeTCTByioiAeH 
noAroTOBKH h npOBepKH (JjyHAaMeHTHbix onop noA Hee. 
OyHAaMeHTHbie onopbi MoryT Gbitb BbinonHeHbi jihGo 
b BHAe GeTOHHbix hjih MeTajuiHHecKHx TyMG, 3aAejiaH- 
HblX CBOHMH OCHOBaHHHMH B GeTOH, JIhGo B BHAe 
m eTajTJiHnecKHX njiHTOK c aHKepaMH, 3aAeJiaHHbiMH b 
G eTOH, jihGo, HaKOHeu, npocTO b BHAe GeTOHHoro nojia 
c pOBHbiMH njioruaAKaMH noA MOHTa>Kiibie AOMKpaTbi 
h c BbixoAHiuen Ha noBepxHO ctb okojio sthx ruiomaAOR 
ronoH apMaTypofi aah pa 3 BapKH AOMKpaTOB. Ecjih cJ)yH- 
AaMeHTHbie onopbi npeACTaBJimoT coGoh GeTOHHbie hjih 
MeTaJiJiHuecKHe TyMGbi, BbicoTa KOTopbix Ha 20 — 30 mm 
HH>Ke COOTBeTCTByiOmHX OnOpHbIX TOHeK Ha 3BeHBHX 
cnupajiBHOH KaMepbi, to peryjiupOBKy BbicoTHoro nojio- 
>KeHHH npn cGopne cnupajiBHOH KaMepbi mo>kho npoH3- 
boahtb c noMOiABio MepHbix npoKJiaAOK hjih napubix 
BCTpeuHbix kjihhbcb . 3th npoKjiaAKH (hah kahhbh) 
ycraHaBAHBaioTCH Me>KAy onopHon TyMGou h npHBa- 


larly important for manufacturing hydraulic turbines 
of unique design. The non-uniformity of water flow 
action on the runner in the bifurcated scroll case is 
also reduced. 

The installation of a bifurcated scroll case is reaso¬ 
nable when water is conveyed to the turbine by two 
penstocks which makes it possible to dispense with 
a very complicated and labour consuming T-branch. 
Besides, less thickness of the spiral casing facilitates 
its installation. All these advantages allow one to 
conclude that bifurcated scroll cases will find wide 
application. 

With introducing high strength reinforced concrete 
the scroll cases will be used for radial-axial medium- 
and high-head turbines. 

ft. INSTALLATION OF WELDED SCHOLL CASES 

The installation of the scroll cases consists of two 
closely connected technological procedures: assembly 
of separate scroll case sections to make one piece by 
electrotack-welding and welding of these sections with 
each other and with the stay ring. 

The assembly and welding operations may be car¬ 
ried out at a time or in succession. In the former case, 
welding, including final welding, closely follows the 
assembly operations, being only a little bit behind; 
in the latter case, final welding is started only after 
all the sections of the scroll case (except the closing 
thimble) have been assembled and installed. However, 
in the latter case the next section is also fitted to the 
previous one only after all its longitudinal joints and 
about 30—40 per cent of its circular joints are welded. 

Described below are the two procedures mentio¬ 
ned above. 

Installation of scroll cases can be started after 
the stay ring is mounted and fixed and foundation 
supports for it are prepared and adjusted. The founda¬ 
tion supports can be made either in the form of con¬ 
crete or metal pedestals with their foundations embed¬ 
ded in concrete or metal plates with anchors embedded 
in concrete, or, at last, in the form of a concrete floor 
with even decks for erection jacks and with exposed 
reinforcing bars projecting to the surface near these 
platforms for welding the jacks. If foundation sup¬ 
ports are made in the form of concrete or metal pedestals 
and their height is 20—30 mm below the respective 
support points on the scroll case sections, then the 
elevation can be adjusted during assembly of the 
scroll case with the help of shims or a pair of opposing 
wedges. These shims (or wedges) are inserted between 
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Phc. 48. <E>opMyjiHp ycTanosKH CTaTOpa, ciih- 
pajni h maxT cepBOMOTopos pa^tiajiBHo-oceBOH 
rH^poTypSHHbi 

Fig. 48. Record Sheet of Installation of Stay 
Ring, Scroll Case and Servomotor Pits of 
Radial-Axial Hydraulic Turbines 


06o3iiaueHHe 3aMepoB 
Designation of measurement 

Pa3Mep BXoaHoro naxpy6i<a cnnpajiH, mm 

Size of inlet connection piece of scroll case, mm 

OTKJioHeHne, mm 

Deviation, mm 

no nepTeJKy 

acc. to drw. 

4>aKTHUeCKHH c IiaHOOJILIIIHM 
OTKJIOHeHHeM 

actual with max. deviation 

(JiaKTHnecKoe MaKCHMajibHoe 

actual max. 

flonycTHMoe no TY 

permissible acc. to specification 

D 





C 






06o3HaneHne 3aiwepoB 

Designation of measure¬ 
ments 

IIojioJKeHHe h pa3Mepm raaxxbi cepBOMOTopa 

Position and sizes of servomotor pit 

co CTonopoM 

with stopper 

6e3 cionopa 
without stopper 

Pa3Mep 

Size 

OTKJIOHeHHe 

Deviation 

Pa3Mep 

Size 

OxKJioHeHHe 

Deviation 

no 

nepxejKy 

acc. to 
drw. 

(fraKXHne- 

CKHH 

actual 

4)aKTHnecKoe 

actual 

1 

nonycTHMoe 
no Ty 

permiss. acc. 
to specif. 

no ^epTency 

acc. to drw. 

(JjaKTHnecKHH 

actual 

4>aKTHnecKoe 

actual 

ptonycraMoe no 

TY 

permissible acc. to 
specific. 

V 1 (M) 

(m) 









a 

B TOUKaX 

points 

1 



1 

II j 




a l ^3 — 


2 







3 



ii 

1 

N 




il 

1 

Cl 

<3 


4 







6 










CeKijHH cnnpajiH, cocxonmne H3 ab yx hjih Tpex 
MOHTaHCHbIX 3 JieMeHTOB , CBapHBaeMbIX Ha MOHTH>Ke 
Me>KAy co6oh no ropH30HxajiH, cofinpaiOT b xaKon 
nocjieAOBaTeJiBHocTH: BHanaJie cxaBnx h iio^roimiOT k 
coceAHen ceKijHH hh>khhh ajieMeHx, saxeM k HeMy npn- 
tohhk)t cpeAHHii. YcTaHOBKOH BepxHero ojieMCHTa, 
KOTopbiH pacKpenjmeTCH k BepxHeMy KOJiBijy CTaxopa, 
cpeAneMy sjieMCHxy n coceAHen ceKipm, 3aKaHUHBaexcH 
MOHTa)K ceKipm, cocxoniAen H3 xpex sjieMeHXOB. 


in the field shall be assembled in the following sequence: 
first, the lower assembly member is installed and fitted 
to the adjacent section; then the middle member is 
fitted to the lower one. On installing the upper member, 
which is secured to the upper stay ring, the middle 
assembly member, and the adjacent section, the erection 
of the section consisting of three members is com¬ 
pleted. 
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06o3Hanennc 

Designation 

Pa3Mep no nepxe>Ky 

Size acc. to drw. 

<J»aKXHnecKHe pa3Mepti no ochm 

Actual sizes in axes 

OTKJIOHCHHe, MM 

Deviation in mm 

+ 

+ 

+ 

a 

+ 

1 

+ 

1 

1 

1 

X 

1 

+ 

1 

4>aKTHnecKoe 

MaKCHManbHoe 

actual max. 

nonycxHMoe no TY 

permissible acc. to 
specif. 

V2(M) 

(m) 












Ri 
























*3 












±Ax 












±A y 













/_ yeranoBO^Hbie mctkh; // — CTpyHa c OTBecaMH ; III — maxia cepBOMo- / — locating marks; // — piano wires with plumbs; /// — servomotor pit with 

TOpa co CTonopoM; IV — maxia cepBOMOTopa 6e3 cronopa stopper; IV —servomotor pit without stopper 
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CeKijHHj KOTOpBie no ropH30Hxajm Ha MOHTa>Ke He 
CBapHBaiOTCH, a npeACxaBjunox co6oh uentiH sneMeHx, 
CTponnT Tan, nxofiti npn ycTaHOBKe hx nojiynajicn Ha- 
kjioh b CTopoHy BepxHero BopoxHHKa cTaxopa. Ycxa- 
HaBJiHBaiOT hx, HaBemHBaa Ha npHBapHBaeMtiH k 
B epxHeMy BopoxHHKy cxaxopa ynop; npn sxom hh 3 
ceKi^HH hoaxoahx k HHJKHeMy BopoxHHKy noA a^hcx- 
BHeM CoScTBCHHOrO Beca CeKIJHH. 

ConpnraeMbie cxbikh noAroHHiox c noMomtio noKa- 
3aHHBIX Ha pHC. 47 fiojTTOBBIX CXJDKCK, KOHyCHBIX 
onpaBOK, a, b cjiyuae he aoShocth, h c homoiubio 
ra30njiaMCHH0H pe3KH hjih nHeBM03y6HJia, KoxopbiMH 
cpe3aiox Bbicxynaiomne ynacxKH Ha KpOMKax conpnrae- 
mmx ajieMeHxoB, c o6H3aTejiBHOH nocjieAyiomeH pa 3 - 
ACJIKOH 3XHX KpOMOK noA CBapKy. 

PeryjinpoBKy BbicoxHoro hojiokchhh Ka>KAOH ceK- 
AHH H CHHpaJIBHOH KaMepbi B IjeJIOM npOH3BOAHX C 
noMOiABio AOMKpaxoB 4, a cjjopMy xpySbi cnnpajiH 
HcnpaBjiHioT pa cxh>kk aM h 5. OKOHnaxejiBHaH npoBepna 
reoMexpunecKOH tfjopMbi h npaBHJiBHOcxn ycxaHOBKH 
cnupajiBHOH KaMepbi np0H3B0AHxcH nocjie OKOHuaxejib- 
hoh 3aBapKH Bcex MOHxa>KHbix 3JieMenxoB cnnpajiBHOH 
KaMepbi c cocTaBjieHneM (JiopMyjiHpa (pnc. 48), b koxo- 
pbiii HapHAy c AaHHbiMH o 4>aKXHnecKHx 3aMepax 3aHO- 
cht xaK>Ke cBeAeHHH o AonycxHMbix oxkjiohchhhx, 
noMemeHHbix b xa6n. 6. OShjhh bha MOHxa>Ka cnHpajiB- 
Hbix KaMep THApoxypSHH KpynHon T3C nonasaH Ha 
pnc. 49. 


On sections fabricated as one assembly member 
and, therefore, not welded horizontally in the field, 
slings shall be attached so that they are inclined during 
installation towards the upper stay ring collar; the 
section is suspended on a support welded to the upper 
stay ring collar with the bottom of the section coming 
close to the lower stay ring collar by gravity. 

The joints are fitted by means of bolts, cone bars 
(see Fig. 47) and, if required, with the help of flame 
cutting or by an air chipper to cut off buttons on the 
edges of the members to be joined, this procedure 
being followed by preparation of edges for welding. 

Every scroll case section and the scroll case as a 
whole must be adjusted to design elevation with the 
help of jacks 4 : the scroll case is brought to the desired 
shape by braces 3 . The scroll case is finally checked for 
geometric shape and proper installation after welding 
of all its assembly members and the record sheet is 
made up (Fig. 48). The record sheet contains data on 
actual measurements and also tolerances specified in 
Table 6. The general installation layout for a scroll 
case of a hydraulic turbine of a large hydroelectric 
plant is shown on Fig. 49. 


T a 6 ji n u; a 6 

JlOnVCKH HA MOIITAiK CBAPIIOII CIIHPAJlbHOH KAMEP LI 


XapaKTep otkjiohchhh 

Meero 3a/viepa 

AonycTHMbie oTKJrcmeHHH (mm) 3BeHa 

cnup a jib ho w KaMepbi fluaMeTpoM ceMenna 
(He 6ojiee), m 



2 ! 

3 1 

4,5 

6 

s 

CMememie ijeHTpa BxoAHoro ce^enHH ciih- 
pajiH OTHocHTejibHo Tpy6onpoBO£a 

Ot qeiiTpa BxoAHoro ce^ietiMH cnnpajiH ao uei-iTpa 
TpyOonpoBoaa 

12 

18 

25 

30 

40 

HapymeHHe (jjopMBi ceneHHH 

B ce^eHHHx, 3aflaHHbix (JjopMyjiHpoM (pnc. 4—23) 

0,01 ot pa3Mepa b AafHrcwi 
ce^eHHH 


Table 6 


TOLERANCES FOR INSTALLATION OF WELDED SCROLL CASE 


Xype of deviation 

Place of measurement 

Tolerance (mm) for scroll case 
of cross-section dia., max., m 

section 



^ | 

3 

1 4 * 5 1 

6 1 

8 

Displacement of scroll inlet section centre 
relative to penstock 

From centre of inlet section to centre of penstock 

12 

18 

25 

30 

40 

Cross-section shape distortion 

In cross-sections specified by record sheet 
(Fig. 4—23) 

0.01 from dimension in the given 
cross-section 
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B, CBAPKA 3JIEMEHTOB 
CnilPAJIbHOH KAMEPBI 

CBapKa 3JieMenxoB cnup a jibhoh KaMepbi HBJinexcH 
BecbMa oxb excxBeHHOH onepaijHeH, xaK KaK ot i<aue- 
cxBa CBapHoro coeAHHemiH b aiiauHTejitHOH cxenemi 
saBHCHx npoHHocxb cnnpajiH. CBapKa AOJinoia npoH3- 
BOAHXBCH TaK, nxofibl npOHHOCXB CnHp a JIBHOH KaMepbi 
b ceneHHHx no uiBy h b okojioihobhoh 30He fibuia 
paBH03HanH0H npoHHocxH b cooxBexcxByioiAHx ceue- 
hhhx 30hbi xepMHHecKoro bjihhhhh. KpoMe xoro, npn 
cBapne h b npoitecce ocxbraaHHH cBapHbix coeAHiieiiHH 
AOJi>KHbi 6bixb BbinojiHeHbi ycjiOBHH, oSecneuHBaioiqHe 
HaHMeHBiHHe AecjDopMaAHH oxAejiBHbix CBapHBaeMbix 3Jie- 
MeHxoB h b nejiOM Been cnHpajra BMecxe co cxaTopoM. 
Tohho onpeAeJinxB pacuexHbiM nyxeM Bee sxh ycjiOBHH 
AJih cnnpajiBHOH KaMepbi He iipeAcxaBJinexcH bosmo>k- 
hmm, a nosxoMy hx 3aAaiox, hcxoah h 3 MHoronexHero 
npaKXHuecKoro onbixa. npoHnocxB CBapHoro coeAHHe- 
hhh, BbinojiHeHHoro pyuHOH 3JieKxpoAyroBOH CBapKoii, 
Koxopan npHMeHnexcH npn MOHxa>Ke croipajieH, 3aBHcnx 
b nepByio onepeAB ox kb a jih(J)hk eijhh ajieKxpocBapmHKa, 
ox KanecTBa noAroHKH h pa3ACJiKH cxbiKOBbix kpomok, 
ox CBapoHHoro ofiopyAOBaHHH h ox Bbifiopa h coSjhoac- 
HHH XeXHOJIOFHH, KOXOpOH ofiyCJIOBJIHBaiOXCH xaK>Ke 
MapKa h KanecxBo npHMeHHeMbix ajieKxpoAOB. 

SjieKxpocBapiAHKH, npHBJieKaeMbie rjik 
CBapKH cnnpajiBHbix KaMep, aojhkhli hmcxb yAocxoBe- 
peHHH Ha npaBo CBapKH oxBexcxBeHHbix MexajuiOKOH- 
expyKAHH. KpOMe xoro, He3aBHCHMO OX HaJIHHHH 
xaKoro yAOcxoBepeHHH, Ka>KAbiii 3JieKxpocBapiqHK aoji- 
>KeH fibixB npoBepeH Ha pafioTax b KOHKpexHbix ycjio- 
bhhx. Tanyio npoBepKy mo>kho np 0 H 3 B 0 AHXB jih6o 
H enocpe acxb eHHo Ha sjieMeHxax cnnpajiH, jih6o Ha 
o6pa3Aax H3 npuMenneMOH a^h 3xoh cnnpajiH CTajin. 
IIpH 3X0M CBapKa np0H3B0AHXCH BO BCeX nOJIO>KeHHHX 
3JieKxpoAaMH, npHMeHneMbiMH rjifl CBapKH sthx cnn- 
panen. KpHxepneM rjik OKOHnaxejiBHoro pemeHHH bo- 
npoca o npHroAHoexH sxhx Aejien CBapmHKa hbjih- 
excH KanecxBo CBapKH, onpeAejmeMoe xexHOJiorHnecKOH 
npo6on, a TaKJKe MexoAaMH, Koxopbie 6ynyx H3Jio>KeHbi 
HH>Ke. TaK KaK npHXBaxKH b A^JiBHefimeM ocxaioxcn 
b cocxaBe CBapHoro niBa, xo k CBapiAHKaM, Bbinoji- 
HHIOIAHM npHXBaxKH, AOJI>KHbI 6bIXB npeA'bHBJieHbl Bee 
ynoMHHyxbie Bbirne xpefioBaHnn. 

IIoAroHKa h p a 3 a e ji k a kpomok 
CX bIKa AOJDKHa np0H3Bo ahxbch b CTporoM cooxBexcx- 
bhh c nepxe>KOM, b KoxopoM yKa3biBaioxcH KaK reoMe- 
xpHnecKan cJyopMa niBa, onpeAejimoinaH yrjibi CKOca 
kpomok, xaK h 3a3opbi Me>i<Ay AByMH conpnraeMbiMH 
CBapKoii 3JieMeHxaMH. HecMoxpn Ha xo, nxo noAroHKa 
h pa3ACJiKa kpomok noA CBapny npoH3BOAHXCH b ochob- 
hom Ha 3aB0Aax, H3roxoBjiHioiAHx ajieMeHXbi cnHpajiB- 
Hbix KaMep, xeM He MeHee xanne pafioxbi xaK>Ke nacxHHHO 
BbinojiHHioxcH bo BpeMH MOHxa>Ka Ha Mecxe ycxaHOBKH 
THApOXypbHHbl. HeofixOAHMOCXB B 3XOM BbI3bIBaeTCH 
Ae4 )0 P Ma AHeH sjieMeHxoB cnupajin bo BpeMH norpy3KH, 
TpaHcnopTHpOBKH, pa3rpy3KH h xpaHeHHH, a xaK>Ke 


C WELDING Of SCR01.L CASE MEMBERS 

Welding of scroll case members is a very important 
operation, since the quality of a weld defines to a 
considerable degree the strength of the scroll. Welding 
shall be performed so that the strength of the scroll 
case in the weld and about it shall be. the same as in 
the respective sectional areas of the heat affected zone. 
Besides, during welding and cooling of welded joints 
it is necessary to meet the conditions ensuring mini¬ 
mum deformations of separate members welded together 
and of the entire scroll case assembled with the stay 
ring. To calculate all the above conditions for the scroll 
case is impossible and, therefore, they are specified 
basing on the many-year experience. The strength of 
the joint welded by manual electric arc-welding, which 
is used for the assembly of scroll cases, depends pri¬ 
marily upon welder’s skill, the quality of fitting and 
edge preparation, welding equipment and on the weld¬ 
ing procedure used, including the type and quality of 
electrodes. 

Welders and welding operators 
employed for welding scroll cases shall have a quali¬ 
fication certificate stating that they are qualified to 
weld important steel structures. In addition, every 
welder or welding operator shall pass appropriate 
tests on the job: either on the scroll case members, 
or on samples of steel used for manufacturing the 
particular scroll case. Welding shall be performed in 
all the positions using the electrodes specified for 
welding the particular scroll cases. The criterion of 
the ability of welders and welding operators is the 
quality of the weld that is determined by technological 
sampling tests and also by other methods described 
below. Since the tackwelds remain in the final welds, 
the welders involved in the job must also meet the 
above requirements. 

Preparation and fitting of edges 
shall be in full compliance with the drawing, that 
specifies the geometry of the weld defining bevel angles 
and also clearances between two parts to be welded. 
In spite of the fact that preparation and fitting of 
edges is made mainly by manufacturer, these operations 
are often performed at the job site during the installa¬ 
tion of the turbine, which is necessitated by deforma¬ 
tion of the scroll case parts in the course of loading, 
shipping, unloading, and storing, and also by improper 
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HeaKKypaTHOH noAroHKOH h pa3ACJiKOH kpomok Ha 
3 aB 0 Me-H 3 r 0 T 0 BHTejie. KpoMe toto, TaKne paGoxbi npn- 
xoahtch bbhiojihhtb npH noAroHKe BCTaBKH h 3 Ben a, 
conpnraeMoro c nanopHbiM TpySonpoBOAOM, TaK Kai< 
TaKan no^roHKa HaMepeHHO nepeHocHTCH Ha MOHTa>K 
B KpaTep THAP0Typ6HHbI. 

npH noAroHKe ctbikob h pa3AeJiKe (fcacoK noA CBap- 
ny peKOMeHAyeTCH pyKOBOACTBOBaTBCH cjieAyiomHMH 
o6iahmh nojiOHceHHHMH: b Mecxax o6pa30BamiH Hyjie- 
Bbix 3a3opoB (nacaHHe hjih Haderamie) hcoOxoahmo 
K pOMKH pa3AeJiaxb TaK, hto6bi aobccxh 3a3op a o npoeKT- 
Horo. Ilocjie noApe3KH KpoMOK pasA^JiKa $acoK AOJi>KHa 
6 biTb HcnpaBJieHa Tan, hto6bi hx reoMeTpnuecKaH (J>opMa 
cooTBeTCTBOBajia npoeKTHOH. Pa3AeJiny mo>kho npoH3- 
boahtl noApy^KOH 3y6miOM hjih o6pe3KOH njiaMeHeM. 
OTKJiOHeHHH ot 3 aAaHHoro yrjia pa3ACJiKH AOJi >KHI)I 
6 biTb He 6ojiee ±5°. B cjiyuae, ecjin MecTHbie 3 a 3 opbi 
b CTbinax nojiynaTCH SojiBine npoeKTHoro, iieo6xoAHMO 
npoH3BecTH HanjiaBKy Ha OAHy H3 kpomok cTbii<a 
(pHC. 50, a). npHTynjieHHH, npeBbimaioujHe Te, koto- 
pbie AonycKaiOTCH npoeKTOM, a oji>khe>i 6bitb A° Be AOHbi 
AO HOpMbi nyTeM noApy^KH hjih ra30B0H pe3KH bo 
H36 e>KaHHe B03M0>KHbIX HenpOBapOB y KOpHH IHBa. 

TeoMexpHnecKaH (J)opMa pa3ACJiKH CTbiKa noA PY 11- 
nyio 3JieKTpocBapKy 3aBHCHT ot THna CBapHoro coeAH- 
HeHHH, TOJHAHHbi CBapHBaeMbix jihctob h pacnojio>Ke“ 
hhh HiBa b npoijecce CBapKH. HanSojiee pacnpocTpaneri- 
Hbie (j)OpMbI T3KOH pa3A^JIKH CTbiKa A*^^ CnHpaJIBHbIX 

KaMep noKa3aHbi Hapnc. 50, 6 -a* IIoKa3aHHyK) Ha pnc. 
50, 6 V-o6pa3Hyio pa3ACJiKy A^JiaiOT Ha jiHCTax, CBapH¬ 
BaeMbix BCTbIK H HMeiOIAHX TOJIIAHHy 20 MM. JlHCTbl 
TOJimHHOH 6oJiee 20 MM AOJI>KHbI HMeXB A^H CBapKH 
BCTbIK CHMMeTpHHHyiO HJIH >Ke HeCHMMeTpHHHyiO X- 06 - 

pa3Hyio pa3AeJiKy (pnc. 50, b). 

JXjih yMeHBUieHHH noTOJiouHOH CBapKH pa3AejiKy 
rOpH30HTajIBHbIX H KOJIBIjeBblX HIBOB CnHpaJIH A^JiaiOT 
komShhhpob aHHOH, T.e. b HmKHeii uacra TpySbi crra- 
pajin KpOMKH pa3AejibiBaiOTCH c BHyTpeHHen, a b Bepx- 


fitting and preparation at the manufacturing plant. 
Such work is also to be done during the alignment 
of a closing thimble to be connected to the penstock 
because this adjustment is deliberately conducted in 
the turbine pit during installation. 

When fitting the joints and chamfering it is recom¬ 
mended to observe the following general rules: at 
points without root gaps (close contact or overlapping) 
the edges shall be prepared so as to obtain the design 
gap. After trimming the edges they should be rechamfe¬ 
red so that they acquire the design geometry. The 
edges can be trimmed either with a chisel or by flame, 
the angle tolerance being not more than ±5°. If local 
gaps are somewhere above the design values, one of 
the joint edges shall be battered (Fig. 50 a). In case 
shoulders exceed the design dimensions, they shall 
be chiseled or flame cut in order to avoid incomplete 
root penetration. 

The geometry of a groove for manual electric weld¬ 
ing depends on the type of weld, thickness of sheets 
to be welded and weld position. The shapes of grooves 
most widely used for scroll cases are shown on 
Fig. 50, 6 —a. The V-groove (Fig. 50, 6 ) is made in plates 
20 mm thick to be butt-welded. In thicker plates 
(over 20 mm), symmetric or asymmetric double 
Y-grooves shall be made (Fig. 50, b). 

To decrease the amount of overhead welding, 
horizontal and circumferential grooves of combined 
type are made, i.e. in the lower half of the scroll the 
grooves are prepared from the inner side, while in the 
upper half of the scroll they are made from the outer 
side. The double V-groove is usually made on the 



Hen uacTH c HapyncHOH CTopoHbi. Hapy>KHa h GoKOBan 
uacTB TpySbi Ha yuacme, 3aMbiKaiomeM hhhohoio h 
BepXHIOIO naCTH, ofiblHHO A^JiaeTCH C X-o6pa3HOH 
pa3AeJiKOH. 

CBapoHHoe oflopyAOBaHHe bo mho- 
tom onpeAejineT KauecTBO cBapHbix ihbob. B 3aBHCHMO- 
CTH OT npHMCHHeMblX 3JieKTpOAOB CBapKy SJieMeHTOB 
cnnpajiBHOH KaMepbi npoH3Bo aht c noMomBio cBapon- 
HbIX TpaHC(j)OpMaTOpOB HJIH 3JieKTp0CBap0HHbIX MaiUHH 
nocroHHHoro TOKa. IIpHMeHeHHe nocjieAHHX 3Haun- 
TejiBHo ofljieruaeT BbinojiHemie iiotojiouhoh CBapKH h 
no3BOJiHeT BecTH CBapny jiio6limh ojieKTpoAaMH, ho 
HaMHoro yBejiHHHBaeT pacxoA 3JieKTp03HeprHH h no- 
3T0My AonycTHMO jihuib b cjiyuae Kpaiinen neofixoAH- 

MOCTH. 

Kpaime Ba>KH0, hto6bi cBapounoe odopyAOBaHHe 
HaxoAHJiocB b HcnpaBHOM coctohhhh h oOecneuHBajio 
noAACpHcaHHe TpefiyeMoii chjibi TOKa. Cnjia CBapouHoro 
TOKa 3aBHCHT ot THna h AuaMerpa ajieKTpoAOB h npn 
CBapne cnnpajiBHbix KaMep no HopMajiBHOMy pe>KHMy 
odbiHHo cocTaBJineT okojio 50 A Ha 1 mm AnaMerpa 

3JieKTp0A0B. HtoGbI nOBbICHTB npOH3BOAHTeJIBHOCTB 
TpyAa 3JieKTpocBapiAHKOB h odecnemiTB coxpaHHOCTB 
CBapoHHoro odopyAOBaHHH, ijejiecoo6pa3Ho ycTaHaBJiH- 
BaTB ero b otacjibhom noMemeHHH c ocoflbiM A^>KypHbiM 
jihaom, KOTopoe no cnmajiy CBapmHKa npOH3BOAHJio 
6bi xpefiyeMyio peryjinpoBKy CBaponnoro TOKa. 

TexHOJiorHnecKHe nojionceHHH, ko- 
Topbie aoji>khli codjiiOAaTBCH npn CBapne, cboahtch 
k cjieAyioiiieMy. Ilocjie toto KaK ctbikh noA CBapny 
6 yAyT xopouio noAOTHaHbi, hco6xoahmo ohhcthtb pa3- 
AejiKy h coceAHHe c Heio yuacTKH, yAajiHTB MeTajuiH-. 
necKOH meTKOH OKajiHHy, ocTaBinyiocH nocjie pe3KH 
njiaMeHeM, rpH3B h p>KaBHHHy. 3anncTKy HaAO npon3- 
boahtb ao MeTajuiHHecKoro fljiecKa. 3oHy csapKH Heofl- 
xoahmo 3aiAHTHTB ot nonaAaHHH aTMoccjiepHbix ocaAKOB 
h BeTpa h orpaAHTB ox phaom padoTaiomux moht3>khh- 
kob c TeM, HTodbi He 0 Ka 3 biBaTB BpeAHero aohctbhh Ha 
hx He3aiAHiAeHHbie ot cBeTa Ayrn rjia3a. Ilpn hh3i<hx 
OKpy>KaioiAHx TeMnepaTypax hco6xoahmo co3AaTB mh- 
Kpoi<jiHMaT c TeMnepaTypoH, ofiycjiOBjiHBaeMon MapKOH 
CTajin cnnpajiH. 

IlepeA HanajioM CBapKH cjieAyeT TaK>i<e yfieAHTBcn 
b npHro ahocth 3JieKTpoAOB, npoBepHB hx oflMa3Ky Ha 
3KCAeHTpHHHOCTB H BJia>KHOCTB. 3jieKTp0AbI C 3KCACH- 
TpHHHOH O0Ma3KOH, OT KOTOpOH B npOIjeCCe CBapKH 
nojiynaiOTcn K03bipBKH, ripemiTCTByiomHe noAAopnca- 
hhk> nocTOHHCTBa AyrH, cjieAyeT OTfipaKosaTB, a 3Jiei<- 

TpOAbl C OTCbipeBUieH o6Ma3KOH -npOKaJIHTB npn 

TeMnepaType, AHKTyeMOH cocraBOM o6Ma3KH. KpoMe 
TOTO, SJieKTpOABI AOJI>KHbI 6bITB HCnbITaHbl TeXHOJIOTH- 
necKH. Eiqe Jiyurne HcnbiTaTB MexaHHuecKne cBoflcTBa 
HanjiaBJieHHoro MeTajuia. 

Ctbikh ojicmchtob cnHpajiBHon KaMepbi cjieAyeT 
CBapHBaTB 3a hcckojibko npoxoAOB, npnneM hhcjio hx 
3aBHCHT ot TOJiiAHHbi CBapHBaeMbix 3JieMeiiTOB. Ilep- 
BblH npOXOA BbinOJIHHeTCH 3JieKTpOAHMH MeHBIIieTO- 
AHaMeTpa (odbiHiio 4 mm) npn hcckojibko noBbiuieHHOH 


outer scroll side on the section connecting the upper 
and lower halves. 

Welding equipment is an important fac¬ 
tor determining the quality of welded joints. Depending 
on the electrodes used the scroll case parts are welded 
either with welding transformers or d.c. electric welding 
machines. Electric welding machines considerably faci- 
litate overhead welding and make it possible to use 
any type of electrodes, but it consumes much more 
power and therefore can be used in case of emergency. 

It is extremely important to keep the welding 
equipment in good repair so that it could maintain 
the specified current. The welding current depends 
on the type and diameter of electrodes and it is usually 
about 50 A per 1 mm of electrode diameter for normal 
welding conditions. To raise the welding rate and to 
ensure good condition of the welding equipment, it is 
good practice to arrange it in a separate room with 
a man attendant, who would regulate the welding 
current on a signal from the welding operator. 

Technical procedure requirements 
to welding are as follows. After the joints are well 
fitted, the groove and adjacent area shall be freed of 
scale, dirt and rust with a metal cleaning brush until 
metal glitters. The welding area shall be protected 
against precipitation and wind and the erection per¬ 
sonnel working nearby shall be also protected against 
harmful effect of the arc glistening on the eyes. At 
low ambient temperatures it'is necessary to make a 
microclimate with a temperature suitable for the scroll 
steel grade. 

Before welding is started, the electrodes shall be 
checked for condition and eccentricity and humidity 
of the coating. Electrodes with eccentric coating shall 
be rejected since such coating gives rise to protrusions 
which prevent a constant arc from being maintained; 
electrodes with damp coating shall be calcinated at a 
temperature dictated by the coating composition. Besi¬ 
des, the electrodes shall be tested, though the best 
thing is to test the mechanical properties of the depo¬ 
sited weld metal. 

The joints between the scroll case parts shall be 
welded by several passes, their number depending on 
the thickness of parts to be Welded. The first pass shall 
be made with electrodes of a smaller diameter (usually 
4 mm) at a higher current. Such an increase in current 
( 10—12 per cent of rated) ensures better weld root pe¬ 
netration which, in its turn, requires less back chipping. 
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CHJie TOKa. Tanoe noBbimemie chjibi Tona (npmviepHo 
Ha 10 —12% OT HOMHHajiBHOH) o6ecne*iHBaeT jiy^iuim 
npoeap KopHH niBa, uto b 3 HauHTejn>HOH: creneHH 
yMeHbinaeT ofibeM pa6oT no noApy6f<e KopHH urna. 

CBapKy cnnpajin Ha MOHTa>Ke peKOMeHAyeTCH bbi- 
nojiHHTt b cjie^yiomeH nocjie^OBaTejn>HOCTH : b nepByio 
ouepeAt cBapHBaiOT b i<a>KAOH ceKijHH npoAOJibHbie 
IIIBBIj 3aTeM npHBapHBaiOT 3BeHbH K CTaTOpy H TOJIbKO 
nocjie 3Toro CBapHBaiOT KOJiBijeBbie ctbikh. Ilocjie- 
Ayiomne cckijhh mo>kho CBapHBaTb TOJibKO nocne tofo, 
Kor^a y npeABiAyrqHx 6yAyT 3aBapeHbi Bee npOAOJiBHBie 
CTbiKH H He MeHee 30% Kan<Aoro KOJiBijeBoro msa. 
IIoABapHbie uiBbi MoryT bbihojihhtbch jih6o no Mepe 
3aBepuieHHH ouepeAHoro ocHOBHoro uiBa, jih6o nocjie 
OKOHUaHHH CBapKH BCeX OCHOBHbIX UIBOB. 

CBapKy oObiHHO HauHHaiOT c npoBapKH oTpa>Kaio- 
iAero jincTa b Mecrax ero conpn>KeHHH c kojiohhoh h 
bopothhkom craTOpa b toh uacra, KOTOpan nonaAaeT 
b 3 aMKHyTyio nonocTb Me>KAy 3y6oM h 3BeHOM. CBapna, 
TaK >Ke KaK h cOopna cnnpajiH, ripoH3BOAHTCH b AByx 
HanpaBJieHHHx. Ot 3y6a k cepeAUHe cnnpaJiH ao 3aMti- 
naiomero 3 BeHa BCTaBKH, KOTopoe 3aBapHBaeTCH b cnn- 
pajin nocjieAHHM. 3to 3 BeH 0 , finaroAapn hmcioiahmch 
y Hero npunycKaM, KOMneHcnpyeT see CBapouHbie 
ycaAKH h AC(})opMaAHH (pnc. 51). Ilocjie Toro KaK 
OyA^T 3 aBapeHa BcraBKa, cnnpajibHyio KaMepy HauH- 
HaiOT 6 eTOHHpOBaTb. Ho bxoahoh ee naTpySoK h noc- 
jieAHne ceKAHH, npHMbiKaiom,He k 3y6y crrapajiH, 
SeTOHOM He 3 ajiHBaioT. Ha pnc. 47 stot He 3 ajiHTBiH 
SeTOHOM ynacTOK cooTBeTCTByer 3 BeHbHM la —I — II 
h XXVI—XXVII. Hajimne Tanoro He 3 a 6 eTOHHpoBaH- 


The field welding of the scroll case shall be per¬ 
formed in the following sequence: the longitudinal 
joints in every section are to be welded first, then the 
sections are welded to the stay ring and only after 
that the circumferential joints are welded. The next 
sections can be welded only after all longitudinal 
joints of the preceding ones and not less than 30 per 
cent of every circumferential joint have been welded. 
Backing welds can be made either on completing the 
next principal joint or on completing all the principal 
joints. 

Usually, welding is started with the baffle plate at 
points where it is connected to the stay vane and stay 
ring collar in the closed area between the scroll case 
nose and the end section. Welding, as well as assembly 
of the scroll case, is performed in two directions: 
from the nose towards the middle of the scroll case 
to the thimble end section which is the last one to be 
welded in the scroll case. This end section, owing to 
its tolerances, compensates for all welding contractions 
and deformations (Fig. 51). After the thimble is welded, 
concreting of the scroll case begins. However, its inlet 
end and last sections adjacent to the nose of the scroll 
case are not concreted. On Fig. 47 this non-concreted 
portion falls on sections la—I—II and XXVI—XXVII. 
This non-concreted portion ensures welding of the 



Phc . 51. IIotfroHKa 
nocjieflHero 3B£Ha cira- 
paJIH (BCTaBKH) 

Fig. 51. Adjustment of 
the last section of the 
scroll case (thimble) 




r 
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Horo yuacTKa ofiecneuHBaeT npHBapKy 3BeHa conpn- 
>KeHHH cnnpajiH c HanopHbiM TpyfionpoBOAOM 6e3 o6pa- 
30 BaHHH TpeiquH. B cjiyuae 3aBapKH 3Toro 3BeHa ao 
T anoro 6eTOiinpoBaimH B03M0>KHbi CMemeHHH crmpanH 
BMecTe co cTaTopoM c HapymeHHeM AeHTpHpoBaHHH 
3 Toro y3Jia Aonce b tom cjiyuae, ecjiH Ha TpyfionpoBOAe 
HMeeTCH KOMneHcaTop. 

CBapHBaTb npoAOjibHbie h KOJibijeBbie hibbi cnnpajiH 
mo>kho ceKAHOHHbiM cnocofioM, cnocofioM nocjieAOBa- 
TejibHoro noouepeAHoro ofipaTHOCTyneHnaxoro Hano- 
aceHHH BajiHKOB no Been AJnme uiBa, cnocofioM nepe- 

BH3KH CJIOeB TOpKOH, OIOCOSOM HaJIOHCeHHH UIBOB CeK- 
ijhhmh c noABapKOH ofipaTHOcryneHuaTbiM cnocofioM 
HJIH >I<e CnOCOfiOM ABOHHOrO CJIOH B KOMfiHHaAHH c 
no cne aob aTeJibHbiM ofipaTHOCTyneHuaTbiM. Tot hjih 
HHOH cnocofi BblfinpaiOT B 3aBHCHMOCTH OT TOJIIAHHbl 
CBapHBaeMbIX JIHCTOB H MapKH CTaJIH. npH fiOJIBIHHX 
TOJiiAHHax (cBbirne 20 mm) CBapKy peKOMeHAyeTCH 
npoH3BOAHTb ,,ropKoii c S hjih >Ke cnocofioM nocjieAO- 
BaTejibHoro noouepeAHoro oOpaTHocTynei-iuaToro Hajio- 
HCeHHH BajiHKOB. HoCJieAHHH cnocofi XOpOUI TeM, HTO 
npn HajioHceHHH ouepeAHoro Bajinua npeAbiAyiAHH Ba- 
jihk, HecKOJibKo 3aKajieHHbiH, nojiyuaeT CBoero poAa 
OT>KHr, uto yjiyumaeT njiacxHuecKHe CBOHCTBa HanjiaB- 
jieHHoro MeTajuia niBa. BjiaroAapa stoh ocoOchhocth 
onncbiBaeMbiH cnocofi Harneji caMoe uinpOKoe npHMe- 
HeHHe npn CBapue ojicmchtob cnnpajibHbix KaMep. 

B qejiHx paBHOMepHoro pacnpeAejieHHH ocxaTOHHbix 
Hanpa>KeHHH no OKpy >khocth TpyObi cmipajibHOH Ka- 
Mepbi peKOMeHAyeTCH KOJibiteBbie iubbi 3aBapHBaTb 
OAHOBpeMeHHO CHJiaMH HeCKOJIbKHX CBapiAHKOB, pac- 
CTaBJieHHbix paBHOMepHo no KOJibijeBOMy CTbiny. npn 
ceKAHOHHOM cnocofie A^nua ceiotHH He AOJi>KHa npeBbi- 
rnaTb 500—600 mm. He3aBHCHMO ot npuMeHaeMoro cno- 
cofia CBapKH Hajio>i<eHHe Ka>KAoro uiBa aoji>kiio fibiTb 
oOpaTHocTynenuaTbiM c ajihhoh CTyrieHH, paBHOH 250— 
300 mm; Hajio>KeHHe nocjieAyioutero uiBa aoji>kho 
npoH3BoAHTbCH nocjie ohhctkh npeAbiAymero BajiHKa 
nHeBMaTHuecKHM 3y6njiOM h iactkoh ot uuiaKa h ona- 
JiHHbi. Ecjih npn 3 tom 6yAyT oSHapynceHbi paKOBHHbi, 
nopbi, uuiaKOBbie bkjuohchhh h Apyrne ao^^™? t ° 
cneAyeT npoH3BecTH BbipyOny nopanceHHbix yuacTKOB. 

nocjieAHHH BajiHK ocHOBHoro niBa HaAO HaKjiaABi- 
BaTb Tan, HTofibi HaiuiaBJieHHbiH MeTajui BbicTynaji HaA 
noBepxHocTbio conpnraeMbix jihctob He fiojiee ueM Ha 
2—3 mm. npeBbiuieHHe stoh BejiHUHHbi HeAony cthmo, 
Tan i<aK bo BpeMH Harpy3KH Ha ihob ycTynbi 6yAyT 
KOHAeHTpHp OB aTB HanpHJKeHHH B OKOJTOIHOBHOH 30He, 
HTO MOHCeT npHBeCTH K CHH3KCHHK) npOHHOCTH COeAU- 
HeHHH. 

OueHb BpeAHbi noApe3bi y CBapHoro uiBa, T.e. 
3aHH>KeHHH b ochobhom MeTajuie Ha yuacTKe, npHMbi- 
KaiomeM k niBy, nojiyuaeMbie H3-3a cnjiaBJieHHH ochob- 
Horo MeTajuia. 

nOCJie OKOHHaHHH CBapOHHblX pafiOT npOH3BOAHT 
TiqaTejibHyio npoBepuy KauecTBa CBapKH h no Mepe 
BbIHBJieHHH ACCjjCKTOB HCnpaBJIHIOT hx. 3aTeM paenpen- 
jihiot KaMepy k fieTOHHOMy ocHOBaHHio, pa3BapHBaiOT 


scroll case section with the penstock without cracks. 
Welding this section before the above concreting is 
performed may cause a displacement of the scroll 
together with the stay ring with the result that misalign¬ 
ment of the whole assembly may occur even in case 
the penstock is provided with an expansion piece. 

Longitudinal and circumferential joints can be 
welded using the following methods: sectional welding, 
welding by sequential alternate continuous backstep 
passes lengthwise the joint, “hill beads” welding, 
sectional welding with backstep backing or by a double 
layer in combination with sequence backstep welding. 
This or that method is chosen depending on the thick¬ 
ness of steel sheets to be welded and steel grade. Thick 
steel sheets (over 20 mm) are recommended to be 
welded either by a “hill beads” method or by a method 
of sequence alternate backstep passes. The latter method 
is good from the stand-point that on depositing every 
next pass the previous one, hardened to some degree, 
is subject to a sort of annealing which improves plasti¬ 
city of the deposited metal. Owing to this feature the 
method in question is widely used for welding scroll cases. 

For uniform distribution of residual stresses around 
the circumference of the scroll case it is recommended 
that the circumferential joints be welded simultaneously 
by several welding operators working at equal distances 
from each other. When using the sectional welding 
method, the length of the section should not be more 
than 500—600 mm. Irrespective of the welding method 
used, every weld should be a backstep one, with the 
step length of 250—300 mm; the next pass shall be 
run after the previous pass has been freed of scale 
and slag by an air chipper and metal brush. In case 
flux and gas inclusions, pinholes or some other defects 
are detected, the defective portion shall be chipped. 

The capping bead of the principal weld shall be 
deposited so that the deposited metal rises 2—3 mm 
above the surface of the welded sheets. This value 
must not be exceeded since when the weld is loaded 
the building-up will cause concentration of stresses 
about the weld which may reduce the weld strength. 
Very harmfull are undercuts in the base metal near 
the weld caused by melting out of the base metal. 

On finishing all welding operations, the quality 
of welds shall be thoroughly checked and the defects 
revealed shall be eliminated. Then the scroll case is 
secured to the concrete foundation, all fastenings are 
welded and the scroll case together with the stay ring 
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B pa3J!H^H0H KOm 6 hHB 1 ^HH, a T3K>Ke OKaTBIH B03AyX 
(P=4 Krc/cM 2 ). IIpocTOTa nojiyneHHH h He 3 HauHTejibHaH 
CTOHMOCTb OKaTOrO B03^yxa B CO^eTaHHH C 60 JIMHOH 
npOH3BOAHTeJIBHOCTBK) H XOpOIIIHM KaueCTBOM B03- 
AyuiHo-mia3MeHHOH pe3KH /^ejraiOT ee BnojiHe npneM- 
JieMOH H RJIH MOHTa>KHbIX yCJIOBHH npH CTpOHTeJIbCTBe 
rHflP03JieKTp0CTaHIJH$j[. 

Om>iT np OMbiniJieHHOH aKcnjiyaTaijHH ycTaHOBKH 
AI1P-401 noKa3aji ee BbicoKyio Ha^OKHocTb. IIpH 
nOMOiqH 3T0H ycTaHOBKH npOH3BO^HTCH MexaHH3HpO- 
BaHHaa CKopocTHan B03^yuiH0-njia3MeHHaH npHMOJiH- 
HeHHan h (fmrypHan pe3Ka abcthbix h nepHbix MeTajuios 
H CnJiaBOB TOJimHHOH AO 80 MM. Pe3Ka npOH3BOAHTCH c 
Hcnojn>30BaHHeM ra3ope3aTejiBHbix MauiHH, b KOTOpbix 
BMeero ra30Boro pe3ai<a 3aKpenjiHeTca iuia3MOTpoH. 
C noMombio 3toh ycTaHOBKH mojkho TaKH<e pe3aTb 
TpySbi, apMaTypy, npo(J)HJiBHbiH npOKaT, cpe3aTB <J>acKH 
no a CBapny h t.r. YcraHOBKa KOMnjieKTyeTca Bbinpa- 
MHTejiHMH, no3BOJiaiomHMH noAaTb paSonee Hanpa>Ke- 
HHe RO 200 B H TOK BeJIHHHHOH 100—450 A, CTaHIJHeH 
ynpaBJieHHH npoijeccoM pe3KH h mia3MOTpOHOM, npeA- 
Ha3HaHCHHbIM AJIH nJia3MeHH0H pe3KH MeTaJIJIOB B 
OKHCJiHTejiBHOH iuia3Moo6pa3yiomeH cpe^e. B KanecTBe 
njia3Moo6pa3yiotqeH cpe^Bi b ochobhom cjiy>KHT OKa- 
TbiH B03^yx ^aBJieHHeM P 4 ktc/cm 2 . 

no^aBaeMaa b njia3MOTpoH (pnc. 53) BO^a oxjiaac- 
flaeT nocjie^OBaTejiBHO 3JieKTpoA 5 Kopnyc h coruio, a 
3 aTeM nocTynaeT b cjihbhoh HiTyijep. Pacxo/j oxjianc- 
Aaiomeii Bo^bi — He MeHee 5 ji/mhh. 

HcTOHHHK TOKa K yCTaHOBKe nOABOAHTCH T3KHM 
o6pa30M 5 hto MHHyc noAaeTCH Ha KaTOAHbiH y3eji, a 
nmoc — Ha pa3pe3aeMbiH MeTajui h uepe3 OajiJiacTHoe 
conpoTHBjieHne Ha conjio njia3MOTpona (pnc. 53), H30- 
jiHpOBakHoe ot naTOAHoro y 3 Jia. IIjia 3 Moo 6 pa 3 yiomHH 
ra3 noAaeTCH uepes iuTyu;ep. 



as well (P = 4 kgf/cm 2 ). Easy production and low 
cost of compressed-air in combination with high welding 
rate and good quality of plasma arc cutting makes it 
acceptable for assembly operations at hydroelectric 
power plants. 

The experience of industrial operation of the 
AI1P-401 welding set has proved its safe operation. 
It was used for machine speedy plasma arc length 
and shape cutting of ferrous and nonferrous metals 
and alloys up to 80 mm thick. Cutting is performed 
by gas-cutting machines which are equipped with a 
plasmotron instead of a gas torch. The machines can 
be used to cut pipes, reinforcing bars, steel shapes, 
weld edges, etc. The machine is provided with recti¬ 
fiers affording an operating voltage of 200 Y and a 


current of 100 to 450 A with a cutting process control 
unit and with a plasmotron for plasma arc cutting 
of metals in the oxidizing plasma forming medium. 
Compressed air supplied at a pressure P 4 kg/cm 2 , 
usually serves as a plasma forming component. 

Water supplied to the plasmatron (Fig. 53) cools 
successively the electrode, the casing and the nozzle 
and then discharges through the outlet union. The 
cooling water flow rate is at least 5 1/min. 

The power source is connected to the cutting machine 
so that minus is applied to the cathode block and 
plus to the metal to be cut and then through the ballast 
resistor to the plasmotron nozzle (Fig. 53) insulated 
from the cathode block. The plasma forming gas is 
supplied through the union. 
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ripouecc njia3MeHHOH pe3KH HammaeTCH c co3ashhh 
b njia3MOTpoHe Ae>KypHOH Ayrn, Koxopan BHauajie 
B03HHKaeT Me>KAy MeAHbIM CTUKaHOM h conjiOM, 3aTeM 
nOTOKOM B03Ayxa BbIHOCHTCH B KaHan conjia h ropHT 
mokay racf>HHeBOH hjih ahpkohhcboh njiacTHHOH h 
H apy>KHbiM TopupM conjia. Jlyra ropHT npn cnjie TOKa 
80 — 90 A h HanpH>KeHHH 140 — 160 B. 

KorAa AOKypHan Ayra KacaeTCH pa3pe3aeMoro Me- 
Tajuia, Ha kotopbih noAaHO HanpHHceHHe HCTOUHHKa 
TOKa, B03HHKaeT ocHOBHaa: pencyman Ayra MOKAy 
ajieKTpoAOM h H3AejineM 5 KOTopan noTpeSmieT tok 
300—500 A npn Hanpn>KeHHH 100—120 B. 

IIoa A^hcTBHeM TeMnepaTypbi pencymen jsym Me- 
Tajui njiaBHTCH h bbihochtch H3 30Hbi pe3a. Tan KaK 
CKopocTB HCTeueHHH njia3Mbi BejiHKa, uinpHHa pe3a 
nojiyuaeTCH cpaBHHTeuBHO ysnan, a kpomkh pe3a — 
rjiaAKHe. 

IIpHMeHeHHe B03AyinHO-njia3MeHHOH pe3KH yrjie- 
poAHCTbix CTajieu cpeAHHx tojiiahh no3BOJineT, no 
AaHHbIM HHCTHTyTa 3JieKTpOCBapKH HMeHH E. O. IlaTO- 

Ha, yBeJIHHHTB np0H3B0AHTeJIBH0CTB TpyAa B 5-6 pa3 

no cpaBHeHHio c nponsBOAUTejiBHocTBio npn ra30KHCJio- 
Poahoh pe3Ke. 

npH 3tom yjiynmaeTCH KanecTBO pe3KH, kpomkh 
pe3a nonynaioTCH npaKTHnecKH BepraKaJiBHbiMH, OTcyT- 
CTByeT rpaT, yMeHBuiaeTCH creneHB Ae4>opMan[HH. He 
MeHee BancHoe aoctohhctbo stoto cnocoGa 3aKJiionaeTCH 
B TOM, HTO pe3aTB MO>KHO JIK)6bie MeTaJIJIbl H CnjiaBbl. 

Jl, HEKOTOPhlE OCOKEHHOGTH CBOPKH II 
CBAPKII :>JIEMEUTOB CTIlIPAJIMlhlX 
KAMEP, H3rOTOHJlEHIIBIX H3 
nun kojiefhpobA iniT.rx ri AJimi 

1. Oflix^ne nojioHceHHH 

ripoABH>KeHHe paAnajiBHO-oceBbix rnApoTypOnH b 
AHana30Hbi Oojibuihx moiahoctch h bbicokhx HanopoB 
BJieneT 3a co6oh yBejinnemie tojih^hh ajieMeHTOB oih- 
paJiBHbix KaMep. B to >Ke BpeMH yBejinneHHe tojiluhh 
sjieMeHTOB KaMep orpaHHUHBaeTCH bo3mo>khoctbk) CBap- 
KH 3THX 3 JieMeHTOB Ha 3aBOAC H Ha MOHTa>Ke. 

IIo 3toh npHHHHe 3JieMeHTbi cnnpajiBHOH KaMepbi 
yHHKajiBHbix rnApOTyp 6hh H3roTaBjiHBaiOTCH H3 Hec- 
kojibkhx MapoK CTajien, b tom hhcjic h HH3KOJiernpo- 
BaHHbix. Tan, HanpHMep, Ka>KAan cnupajiBHan Kaaiepa 
TypSnH KpacHonpcKoii T3C H3roTaBJiHBajiacB H3 Tpex 
MapoK cTajiH: MapTeHOBCKOH Ct3, coAep>KameM b %%: 
c = 0,14—0,22, Mn = 0,40—0,65, Si = 0,12—0,30, 
p = He 6ojiee 0,045, S = He donee 0,055, HMeiomeH 

KT KF 

aT = 24- h = 47-; HH3KOJierHpOBaHHOH cra- 

MM 2 MM 2 

jih lOxCH)], c coAep>KaHHeM b %%: C =0,12—0,18, 
Si = 0,4 —0,7, Mn =0,4—0,7, Cr= He 6ojiee 0,6—0,9, 
Ni = He 6ojiee 0,3—0,6, Cu = He donee 0,2—0,4, npn 

Kr KF 

cr T = 35 - H cr b = 50 - H CneiJHaJIBHOH CTaJIH 

MM 2 MM 2 

CK-2, xhm. cocraB KOTopoii aBTopoM He AaeTCH. H3 


The plasma arc cutting process starts with forming 
a pilot arc which appears at first between the copper 
housing and the nozzle and then is carried away by 
the air flow into the nozzle bore and wherein it burns 
between the hafnium or zirconium plate and the outer 
end of the nozzle. Arcing takes place at 80—90 A 
current and 140—160 V voltage. 

When the pilot arc touches the alive metal the main 
cutting arc appears between the electrode and the 
metal and burns at 300—500 A current and 100—120 V 
voltage. The metal melts down under the arc and then 
molten metal is carried away from the cutting zone. 
Since the plasma outflow velocity is high, the cutting 
width is narrow and the cut edges are smooth. 

Air-plasma arc cutting of medium thickness carbon 
steel according to the data of the Electric Welding 
Institute named after E.O. Paton, allows for a 5 or 6 
fold increase of labour productivity as compared with 
that using oxygen-gas cutting. 

The quality of cutting is better, the cut edges are 
practically vertical, there is no dross, deformation is 
less. One more essential advantage is that this method 
can be used to cut any metals and alloys. 

E, SOME DfSTINGITISTTING FEATURES 
OF ASSEMBLE AND WELDING 01 SCROLL 
CASE PARTS MADE OF LOW ALLOY STEEL 

1. General 

Designing radial-axial hydraulic turbines of greater 
capacities and for higher heads leads to an increase in 
the thickness of scroll case components. On the other 
hand, their thickness is limited by possibilities of 
welding them in the shop or in the field. That was the 
reason why the elements of non-standard turbines are 
manufactured of several steel grades, including low 
alloy ones. For example, every scroll case of the 
Krasnoyarsk hydroelectric plant (USSR) is made of 
three grades of steel: 

— open-hearth steel Ct 3, containing in per cent: 

C - 0.14—0.22, Mn = 0.40—0.65, Si = 0.12—0.30, 

P = not over 0.045, S = not over 0.055 at ctt = 
24 kg/mm 2 and <T b = 47 kg/mm 2 ; 

— low-alloy steel 10 X CHJI containing in per 
cent: C = 0.12—0.18, Si = 0.4—0.7, Mn = 0.4—0.7, 
Cr = not over 0.6—0.9, Ni = not over 0.3—0.6, 
Cu = not over 0.2—0.4 at c? = 35 kg/mm 2 and 
a h = 50 kg/mm 2 ; 
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riociieAHefi, k&k ofmaxaiomeft iiamlojiLiiiKAi npe^ejiOM 
iipowocT^-, jaaroxaBjiHBajiHCB 3JieAieHTBi Hanbonee Ha- 
rpynceHHBix ynacTKOB KaMepbi. 

IIoCKOJIBKy TeXHOJIOrHH c6opKH H CBHpKH CTaJieii 
1OXCHJJ HeMHorHM oTJiHHaeTcn ot CBapKH o6bihhbix 
yraepoAHGTBix crane#, h 3Ta TexHonornn ycneixmo 
OCBOCHa B MOHTa>KHOH npaKTHKe; HH>Ke paCCMOTpHM 
TOJIBKO JIHUIB OCoSeHHOCTH TeXHOJIOrHH cbopKH H CBapKH 
ajieweHTOB, H 3 roTOBjieHHBix H3 CTajiH CK-2. 

2. CGopica 3 JieMeHTOB cnapajiBHBix KaMep 

IIopHAOK c6opi<H SJieMeHTOB KaMep, H3rOTOBJieHHBIX 
H3 pa3HBIX MapOK CTaJIH, He OHeHB MHOTHM OTJIHHaeTCH 
ot cSopKH KaMep, H3roTOBJieHHBix H3 oSbihhbix yrjie- 
POAHctbix crane#. Co6jiioAaeTCH TaKan >ne TexnojiorH- 
necKan nocneAOBaTenBHocTB h npHMeHHioTcn Te >Ke 
npneMBi pa6oT, ho c hckotopbim orpaHHneHHeM, TaK 
KaK craJiB CK-2 njioxo nepeHOCHT yAapHbie Harpy3KH. 
IIpH cSopne 3JieMeHTOB cmipanefl, cAejiamiBix H3 stoh 
CT ajiH, a TaK>Ke npH chhthh BpeMeHHBix KpenneHH# 
HejiB3H npHMeHHTB yAapHyio Harpy3Ky. rioAroHKy 3Be- 
HBeB Heo6xOAHMO npOH3BOAHTB npH B03AeHCTBHH CTa- 
THnecKHX Harpy30K, a BpeMeHHBie KpenneHHH yAanmoT 
B03AyUIH0-Ayr0B0H pe3KOH. 

KpoMe Toro, noAroHKa ctbikob noA CBapny 3accb 
npoH3BOAHTCH bonee TiAaTejiBHO , c mchbihhmh Aonyc- 
KaMH Ha OTKJIOHeHHH OT HOMHHaJIBHBIX ASHHBIX, TaK 
KaK CBapKa STOH CTajiH BbHIOnHHeTCH HeCKOJTBKO 
TpyAHee. 

3. CBapKa cirapajiBHoii KaMepBi 

CBapKa ojieMeHTOB H3 CTajiH CK-2 Me)KAy cobo# h 
c 3JieMeHTaMH H3 APyrnx MapoK CTane# b ycnoBHnx 
MOHTa>KHOH iuiomaAKH BnepBBie npOH3BOAHJiaCB Ha 
CTpOHTeJIBCTBe KpaCHOHpCKOH T3C. 

3T0My npeAmecTBOBajiH 6ojiBuiHe HCCJieAOBaTejiB- 
CKO-3KCnepHMeHTaJIBHBie paSOTBI, KOTOpBie npoBo ah- 
jihcb npH pa3JiHHHBix TeMnepaTypax, b tom uncne h 
npH OTpmjaTeJIBHBIX, 0JIH3KHX K peaJIBHBIM yCJIOBHHM 
crpOHTejiBCTBa KpacHOHpcKOH F3C (ao — 25°C). 

OKOHHaTCJIBHaH OTpabOTKU TeXHOJIOrHH MOHTa>KHOH 
SJieKTpOAyrOBOH pyHHOH CBapKH npOBOAHJiaCB Ha MOH- 
Ta>Ke cneAHajiBHo obyueHHbiMH rjih . sthx uejie# csap- 
XAHKaMH. 

OGyneHHe CBaptqHKOB-MOHTa>KHHKOB no cneijHajiB- 
ho# nporpaMMe c 3 aBapi<o# bojiBinoro KOJinnecTBa 
o6pa3AOB npoH3BOAHJiocB Ha JleHHHrpaACKOM MeTajuiH- 
necKOM 3aBOAe hmchh XXII CBe3Aa KIICC. 

B pe3yjiBTaTe npoBeAeHHH Bcex sthx paboT 6bijio 
ycTaHOBjieHO , hto ojicmchtbi H3 CTajiH MapKH CK-2 
npn BBinojiHeHHH onpeAeneHHBix TpeboB aHH# MoryT 
xopomo CBapHBaTBCH KaK Me>KAy cobo#, Tak h c 3Jie- 
MeHTaMH, H3roTOBJieHHBiMH H3 CTane# Apyrnx MapoK. 

Ilpn 3 tom 6bijio xaioKe yCTaHOBJieno, hto xopomee 
KanecTBO CBapKH 3JieMeiiTOB H3 cxajm MapKH CK-2 
Me>KAy C060H H c SJieMeHTaMH, H3rOTOBneHHbIMH H3 
ApyrHX MapoK CTajiH, B MOHTa>KHBIX yCnOBHHX 
6 bijio AocTHrHyTO npH npuMeHeHHH 3JieKTpoAOB 
3A-981/15, nocTaBJineMBix no TexHHnecKHM ycnoBHHM 


— special grade steel CK-2, the chemical compo¬ 
sition is not given by the author. The CK-2 steel, 
having the greatest ultimate strength was used for 
manufacturing the most loaded parts of the scroll case. 

Since the assembly and welding procedure of parts 
made of steel 10 x CELT differs but slightly from the 
welding procedure of standard carbon steel and the 
latter is well mastered for assembly purposes, consi¬ 
deration is given only to the peculiarities of the assembly 
and welding procedure of parts made of steel CK-2. 

2. Assembly of Scroll Case Parts 

The procedure of assembly of scroll case parts 
made of steel of different grades does not greatly 
differ from the assembly of scroll cases made of carbon 
steel. The sequence of operations and methods used 
are the same, only limited to some extent, since steel 
CK-2 poorly withstands impact loads. Impact loads 
cannot be applied while welding scroll case parts 
made of this steel and also while temporary bracings 
are removed. Fitting of scroll case sections shall be 
carried out with static loads applied; temporary bracing 
shall be removed by air-arc cutting. 

Moreover, fitting of joints shall be more thorough, 
with lower deviations from the rated values, because 
welding of the steel in question is a more difficult job. 

3. Welding of a Scroll Case 

Welding of scroll case parts made of steel CK-2 
and welding of these parts with parts made of steel 
of different grades on the job site was performed for 
the first time at the construction of the Krasnoyarsk 
hydroelectric plant (USSR). 

It was preceded by a great amount of experimental 
and research work conducted at different tempera¬ 
tures, including sub-zero temperatures close to the 
natural temperature conditions in the area of the 
Krasnoyarsk hydroelectric plant (down to minus 25°C). 

The procedure of electrical hand welding was 
perfected in the field by a team of welders specially 
trained in the job. The field welders were trained 
according to a special program at the Leningrad 
Metal Works (LMZ) including welding of a great 
number of specimens. 

As a result, the above work has proved that parts 
made of CK-2 steel, provided the specified require¬ 
ments are met, can be well welded with each other 
and with parts made of steel of other grades. 

It was also found that good quality of welding 
in the field of parts made of CK-2 steel with each 
other and with parts made of other steels is obtained 
by welding with electrodes 3A-981/15 (Specifications 
TY-545-59) made of austenitic wire, grade 3H-981, 
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JSfo TY-545—59 h H3roTaB jihb aeMBix H3 aycreHHTHo# 
npoBOJioKH MapKH 3H-981 hah aycreHHTHBix 3JieKTpo- 
Aob MapKH 3A-395/9, nocTaBJineMBix no TY-170—55. 
npHMeHeHne jxpymx MapoK 3JieKTpoAOB rjik CBapKH b 
MOHT a>KHBIX yCAOBHHX OKa3aJIOCB IieB03M0>KHBIM. 

SjieKTpoABi 3A-981/15 H3roTaBJiHBaiOTCH H3 npo- 
bojiokh, HMeiomeH b CBoeM cocTaBe b %%: C = 0,07— 
0,11; Si — He donee 0,40; Mn = 1,00—2,00; 
Cr = 15,00—17,00; Ni = 24,00—27,00; Mo = 5,50 
—7,00; S = He 6ojiee 0,018; P = 0,70—1,00; N = 
- 0,10—0,20. 

IIpOBOJiOKa jsjih. HaroTOBJieiiHH sjieKTpoAOB 

3A-385/9 coAep>KHT b %%: C = 0,08—0,12; Si = He 
6ojiee 0,60; Mn = 1,00—2,00; Cr = 15,00—17,00; 
Ni = 24,00—27,00; Mo - 5,50—7,00; S = He donee 
0,018; P = He donee 0,025. 

IIOKpBITHH RJIK oOeHX MapOK 3JieKTpOAOB coAep- 
>KaT b %%: MpaMop =35; njiaBHKOBBin innaT — 28; 
4>eppoMOJiH6AeH = 14; (JjeppoTHTaH = 15; MapraHeu 
— 8; h 30% ot Been hihxtbi >KHAKoe ereKJio. 

XpaHeHHe 3JieKTpoAOB, hx nponajiKa h BbidpaKOBKa 
npoH3BO ah jihcb no cneitnajiBHOH HHcrpyKiiHH. 

Bbuio TaK>Ke y ctuhob JieHO, uto cBaponHoe oOopyAo- 
BaHHe MonceT npHMeHHTBcn jno6oe, KOTopoe o6ecne- 
HHBaeT noAauy noCTOHHHoro TOKa h nopMajiBHyio pafioxy 
Ha oOparaoH nojinpHocTH; npn stom nocTbi pyuHOH 
CBapKH AOJBKHbi 6biTB odopyAOBaHbi kohtpojibhoh an- 
napaTypoii, yKasbiBaiomeH cnjiy cBaponHoro TOKa, a 
Hanpn>Keime b cera He aoji>i<ho KOJiebaTBcn 6oJiee ueM 
i 6% ot HOMHHajia, b to BpeMH KaK npn cBapne 
HH3KOJierHpoBaHHbiMH h MaJioyrjiepo ahctbimh 3Jiei<Tpo- 
AaMH 3to KonefiaHHe AonycKaera ao ±15%. 

IIoBbiineHHbie TpeboBaHHH npeA bhbjihjihcb TaioKe 
h k KOMnjieKTOBaHHio 3JieKTpocBapmHKOB. IIoAbHpa- 
JIHCB CBapiAHKH, HMeiOIAHe AHnJIOMbl C pa3pHAOM He 
HHHce 4-ro, h nepeA CBapKoii cnnpajieH ohh npoxo- 
Ahah onpeACJieHnoe oOyneiiHe no cneijHajiBHOH npo¬ 
rpaMMe. KpoMe Toro, nepeA TeM KaK AonycTHTB CBap- 
iAHKa k paboTe, oh 3aBapnBan cneipiajiBHbie obpa3itbi 
H3 3 thx CTajien h no nojiyneHHH xopomnx pe3yjir>TaTOB 
HcnbiTaHHH obpasnoB cBapntHKy pa3pemajiocb npoH3- 
boahtb CBapKy cnnpajieH. K paboTaM no B03AyuiHO- 
AyroBOH CTpo>KKe KopHH uiBa AonycKajiHCt TaK>Ke cne- 
AHanBHO obyueiiHbie cBapmHKH. 

CBapKa coeAHHeHHH ennpa abhoh KaMepbi b ycjio- 
BHHX MOHTaJKHOH nAOIItaAKH npOH3BOAHJiaCB npn nOJIO- 
>KHTenBHbix h OTpHitaTenBHbix TeMnepaTypax (ao — 25° C) 
h, KaK y>Ke ynoMHHaJiocb paHee, aycreHHTHbiMH 3Jiei<- 
TpoAaMH MapKH 3A-981/15 h MapKH 3A-395/9. 

Cnna CBaponHoro TOKa, KOTOpan noAAOp>KHBanacB 
BO BpeMH CBapKH, COCTaBJIHJia AAH 3Jiei<TpOAOB AHaMe- 
TpOM 3; 4 H 5 MM AAH HHHCHerO nOAOJKeHHH COOTBeTCT- 

BeHHO 80—100; 120—150 h 150—180 A, a aah Bepra- 
KaJiBHoro, ropHSOHTajiBiioro h noTOJiouHoro — 70— 
100; 100—130 h 130—150 A. 

Ilpn HanboJiee pau,HOHajibHOM b bino ahchhh uibob 
B ajiHK HMeji niHpHHy He bojiee abvx AuaMeTpoB 3Jiei<- 
TpOAa aah HH>KHero, noTOJionnoro h ropH30HTajibiioro 
noAonceHHH h He bojiee Tpex AuaMexpoB ajieKTpoAa 


or with austenitic electrodes, 3A-395/9 type (Speci¬ 
fications TY-170-55). It appeared that other types of 
electrodes must not be used for welding in the field. 

Electrodes, type 3A-981/15, are made of wire 
containing in per cent: C = 0.07—0.11; Si = not 
over 0.40; Mn = 1.00—2.00; Ni = 24.00—27.00; Cr = 
15.00—17.00; Mo = 5.50—7.00; S = not over 0.018; 
N = 0.10—0.20; P = 0.70—1.00; 

Wire for electrodes 3A-385/9 contains in per cent: 
C = 0.08—0.12; Ni = 24.00—27.00; Si = not over 
0.60; Mo = 5.50—7.00; Mn = 1.00—2.00; S = not 
over 0.018; Cr = 15.00—17.00; P = not over 0.025. 

The coating for the electrodes of both types 
contains in per cent: ferrotitanium =15; mar¬ 
ble = 35; ferromolybdenum = 14; fluorite = 28; so¬ 
luble glass = 30 per cent of the coating mixture; 
manganese = 8. 

Special manual requirements were followed to 
store, calcinate and discard the electrodes. 

It was also ascertained that any welding equip¬ 
ment can be used if it ensures d.c. supply and reverse 
polarity operation; the manual welding sets in this 
case shall be provided with control gear indicating 
the welding current; voltage in the network should 
not vary over ±6 per cent of the rated value, while in 
welding by low alloy and low carbon electrodes the 
supplv voltage may vary within ±15 per cent. 

Rather high demands were placed on electric welders. 
Only welders having a qualification category not below 
the 4th rating were employed. Before starting the weld¬ 
ing job on scroll cases the welders were trained accord¬ 
ing to a special program. Moreover, before a welder 
was allowed to commence welding, it welded specially 
chosen specimens of the mentioned steel grades. After 
the welded specimens were tested and the welded 
joints proved to be adequate, the welder was allowed 
to start welding a scroll case. Arc-air gouging of the 
weld root was allowed to be made also by specially 
trained welders. 

The scroll case joints were welded on the assembly 
floor at plus and minus temperatures (down to minus 
25°C) by austenitic electrodes, types 3A-981/15 and 
3A-395/9. 

Welding currents maintained during welding for 
electrodes of 3 mm, 4 mm and 5 mm diameter for 
downward position were 80—100 A, 120—150 A and 
150—180 A, respectively, and for vertical, horizontal 
and overhead positions — 70—100 A, 100—130 A and 
130—150 A, respectively. 

In most efficient welds the pass width was not 
more than two electrode diameters for the downward, 
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Ann BepTHKajibHoro no jiokchhh . npH sxom uiob AOJi" 
>KeH HaKJiaAbiBaTBCH KopoxKOH Ayron. 

Bee Te ofiiipie TpeGoBamm, npeABABAneMbie k 
CBapne cnnpajien H3 ofibiHHbix yrnepoAHexbix exanefi, 
o KOTopbix 6biJio CKa3aH0 b pa3AGJie B HacxoHmero 
naparpacjia, othocatch TaKAce n k CBapne ajieMeHTOB 
cnnpajibHon Kamepbi, H 3 roTOBJieHHbix H3 cTann CK-2 
n Apyrnx MapoK. 

E. KOHTPOJIb KAHECTBA CBAPHLIX 
COE^IfHEHHH 

KanecTBo CBapHbix ujbob cnnpajibHbix naMep b 
coBpeMeHHbix ycjioBHHx npOBepmox MeTOAOM peirrre- 
HOCRonnn, npocBenuBanneM raMMa-nyuaMH n c noMoiABio 
yjibTpa3ByKa. Ka>KAbin H3 sthx oiocoSob o6A3axeALHo 
couexaiox c npoBepKon KepocnHOM n c npocmoTpoM 
BHeniHero cocxoahhh uepes Jiyny. B HenoTopbix cjiy- 
nanx no corjiacoBaHnio c 3aB0A0M-H3r0T0BHTejieM enn- 
paJibHon naiviepbi kohxpoab CBapHbix hibob mo>kct 
orpaHHnnTbCH npoBepnon Kepocm-ioM. Komponb CBap¬ 
Hbix niBOB npn Monxa>Ke cnnpajiLHbix KaMep nopynaiox 
onpeAeJieHHOMy Jinny — Macxepy no CBapKe, a npn 
peHxreHocKonnn, raMMa-rpacjmpoBaimH n yjibxpa3By- 
kobom KOHxpojie — cneijHanBHbiM nnijaM, oSyneHHbiM 
KOHXpOJIK) 3XHMH MeXOAaMH. 

MexoAbi ncnbixaHHH n KOHxpojin CBapHbix hibob 
ycxaHaBjiHBaiOTCH npoeKxom b 3aBncnMocxn ox xpefio- 
Bamm, npeAx>HBJiHeMbix k cnnpajibHon KaMepe, n 
npHMeHeHHoro ee nsroxoBJiemin Maxepnajia. Hcnbi- 
xaHne KepocnHOM npoH3BOAnx cjieAyioiAHM o6pa30M: 
hh>khk>io cxopoHy cxbiKa OKpauiHBaioT boahbim pacx- 
bopom Mena, nocjie BbicbixaHHH noxoporo c Apyron 
cxopOHbi CTbina HanjiaAbiBaiox xpnnny, xopoino HaMo- 
neHHyio b KepocHHe. 3xy xpnnny Aep>i<ax Ha npoBe- 
pneMOM niBe He MeHee 2 u. Ecjih cBapHon uiob HMeex 
KaKne-jin6o CKB03Hbie HennoxnoexH, xo KepocnH o6pa- 
3yex Ha OKpaineHHOH mcjiom noBepxHocxn nnnia. 

06Hapy>KeHHbie xanim cnocofioM Aec})eKXHbie Mecxa 
CBapHoro niBa Bbipy6aiox, a 3axeM 3aBapHBaiox. 

PeHxreHocKonnn — Hanfionee coBepmeHHbin n cpaB- 
HHXeJIBHO 6e3BpeAHbIH MeXOA KOHXpOAA, BeCBMa XOHHO 
xapaKxepn3yioiAHH cocxoHHHe CBapHoro uiBa. 

HanSojiee pacnpocxpaneHHbiM mcxoaom KOHxpojiH 
KanecxBa CBapHbix lubob HBjinexcn npocBennBaHne hx 
raMMa-jiynaMH paAHoaKXHBHoro KofianBxa hjih panno- 
aKXHBHoro u;e3HH. T aMMa-jiyun npencxaBJinioT co6oh 
J iynn sneKxpoMarHHXHoro HOHH3Hpyiomero H3 nyueHH a, 
nojiynaeMoro b pe3yjibxaxe ecxecxBeHHoro pacnaAa HAep 
paAHoaKXHBHbix 9JieMeHX0B. TaMMa-Jiynn, aHajiornuHo 
peHxreHOB ckhm, oSuanaiOT cnoco6Hocxbio npoHHKaxb ue- 
pe3 Henpo3panHbie tojiiahhui Mexajuia h, nacxnuHo 
3aAep>KHBaHCB b hhx, Bbi3biBaxB CBeuemie jiiomhho- 
(JjopoB (BOJibcJipaMaxa KanBijHA, cepHncxoro nnuna n 
x.aO* Ohh, noAoSHo cbcxobbim nyuaM, ofinaAaiox cno- 
coShocxbio b 03 achcxbob axB Ha (j)oxorpa(J)HuecKyK) 
3MyJIBCHI0 H C03AaBaXB CKpbITOe H306pa>KeHHe, BblHB- 


overhead and horizontal positions and not more than 
three electrode diameters for the vertical position. 
The weld pass should be run by short arc. 

The general requirements specified for welding 
scroll cases of carbon steel, which were mentioned 
in Section C above, are also valid for welding scroll 
case parts made of CK-2 steel and steel of other grades. 

P. WELD INSPECTION 

The quality of welds on scroll cases is nowadays 
inspected by radiographic and ultrasonic methods and 
every inspection is combined with kerosene examination 
and surface examination with a magnifying glass. 
Sometimes, if agreed upon with the Manufacturing 
Plant, the welds on a scroll case may be examined 
only by applying kerosene. Examination of field welds 
of a scroll case shall be entrusted with the welding 
foreman, while the radiographic and ultrasonic exami¬ 
nation shall be carried out by personnel trained in the 
above examination. 

Inspection and test methods for welded joints are 
specified basing on the requirements to be met by 
the scroll case and on the material of the scroll case. 
Kerosene tests are conducted in the following way: 
the lower side of the weld is covered with chalk solution. 
After the chalk solution dries out, a rag soaked in 
kerosene is put on the weld from the opposite side 
and kept on the weld for at least two hours. If the 
weld has local through leakiness, kerosene infiltrates 
through and kerosene spots appear on the chalk cove¬ 
red surface. 

Weld defects found in this way shall be chopped 
out and repaired by welding. 

Radiography is the most perfect and comparatively 
harmless method of examination, which gives rather 
an exact picture of the weld. 

The method most widely used for inspection of 
welds is examination by radioactive cobalt or radio¬ 
active casium gamma-rays. The gamma-rays are electro¬ 
magnetic ionizing radiation rays caused by natural 
nuclear decay of radioactive elements. The gamma- 
rays like X-rays are able to penetrate through the 
non-transparent metal and partially retaining in the 
metal they cause a phosphorescent glow (calcium 
tungstate, zinc sulphide, etc.). They, like sight rays, 
are able to influence the photographic emulsion and 
induce a latent image which develops. The above 
gamma-ray properties allow for detecting inner imper- 
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jmeMoe (JjoxorpacjiHuecKHM nyxeM. 3xh CBoiicxBa raMMa- 
jxytieii n 03 B 0 JiHK>x c HX noMOiABio onpeAeJiHXB BHyxpeH- 
Hue Aecf>eKXbi b CBapHbix uiBax b BHAe HenpOBapoB, 
XpeiAHH, paKOBHH H IHJiaKOBbIX BKJIIOUeHHH. C>AHaK0 
cjieAycT 3aMexHXB, hto raMMa-rpatjmpoBaHHe Moncex He 
BbIHBHTB MeJIKHX Ta30BbIX H IHJiaKOBbIX BKJIIOHeHHH, 
Koxopwe BbixoAHX 3a npeAeJibi uyBCXBHxejiBHOCXH 
axoro MexoAa. Hm xannee He Moryx Sbixb BbiHBJiem>i 
HenpoBapbi, HMeioiuiie njioxHoe cniinaHne Mexajuia 6e3 
ra 30 B 0 H hjih HuiaKOBOH npocnoHKH, a xaioKe xpeiAHHbi, 
pacnojioxceHHbie b nnocKOCxn, cocxaBJimomeii c njioc- 
kocxbk) 4>p0Hxa npoxoAHHUix Jiyuefl yroji m 15°. 
OiteHKa KauecxBa niBa, noxopan cocxaBJinexcn jihaom, 
HMeioiAHM Ha 3xo cneitnajiBHoe yAoexoBepeHHe, npoH3- 
BOAHTCH Ha OCHOBaHHH COnOCXaBJieHHH CHHMKa CBap¬ 
Horo HIBa C SXaJIOHHbIMH CHHMKaMH. 

YuacxKH, npeAHa3iiaueHHbie k npocBeuHBaHHio, h 
iipoueux npo cb eunBaHHH hibob o6yc aobjihb aiOTcn npo- 
eKXOM cnHpaJiBHoii naiviepbi hjih ciieuiiajiBHOH HHexpyK- 
UHeii 3aBOAa-H3roxoBHxejiH cnHpajiBHOH KaMepw. Mecxa 
C0npH>KeHHH npOAOJIBHbIX HIBOB C KOJIBAeBbIMH ofibIHHO 

noABepraioxca 50%-HOMy hah Aance 100%-HOMy koh- 
xpomo, a ocxanBHbie ynacxKH, KaK npaBHno, npocBeuH- 
Baioxcn BbifiopouHO b HefioABiuoM npoiteHxe. 

Tan KaK raMMa-JiyHH ofiAaAaiox cnocofiHOCXBio Bbi- 
3 bIBaXB B XKaHHX 0praHH3Ma BpeAHbie H 3 MeHeHHA, B 
xojvl HHCJie h HeofipaxHMbie, pafioxaxb c hhmh mo>kho, 
exporo codAiOAaH npaBHAa caHHxapHH h xcxhhkh 6e30- 
nacHocxH, ofiecneunBaioiAHe AHHHyio h ofiinecxBeHHyio 
6 e 3 onacHocxB. TaKAce b cooxbcxcxbhh c sxhmh npaBH- 
AaMH AOAACHbl XpaHCnOpXHpOBaXBCH H xpaHHXBCH paAHO- 
aKXHBHbie H 3 oxonbi. 3 xhmh npaBHAaMH, b HacxHOCxii, 
npeAycMaxpHBaexcH xpaHeHHe aMnyAbi b cneitnaJiBHO 
odopyAOBaHHOM xpaHHAHiite, HMeiouteM koaoaca H3 
xpyfibi, 3 aKonaHHOH BepxHK a abho b 3eMAio Ha rayfinHy 
1,5 m, xaK hxo aMiiyAa b cneitnaABHOM cbhhaobom 
KOH xeHHepe aokht Ha A^e sxoro KOAOAUa Ha 1,5 m 
HH>K e ypOBHH nOBepXHOCXH 3eMAH. 

AMnyAbi nepeB03Hx b cneitnaABHo onnoMfinpOBaHHOM 
xpaHcnopxHOM KOHxeHiiepe b conp obo>kachhh caMoro 
paAHorpa4)a, a npn HaAHHHH ocxaHOBOK hah nepecaAOK 
b nyxH paAHorpacjiy bbiacahcxch b iiomoiab eme oahh 
neAOBeK c xeM, nxofibi aMnyAa HHKorAa He HaxoAHAacL 
6e3 HaA3opa. IIepeB03HXB KOHxeiiHep c annyAOH ox 
asponopxa ao MOHxa>KHoro yuacxKa HaAO b oxacabhoh 
ManiHHe. Pacuex xpaHcnopxHbix h pafionnx KOHxeHHe- 
poB, a xaioKe pacuex 6e3onacHoro paccxonmiH, Ha 
KoxopoM moryx naxoAuxtcn oKpyncaioiitHe AHu;a, A-^^ 
aMnyA pa3AHHH0H aKXHBHO cxh np 0H3B o ahxch no cne- 
AHaABHbiM HOMorpaMMaM. IIo cneitnaABHbiM HOpMaM 
onpeACAnexcH h 6e3onacHaH A° 3a oSAyueiiHH raMMa- 
AynaMH Bcero xeAa hah xoabko pyK h Hor. 

B nocneAHee BpeMH Bee SojiBine cxaA np hmchhxbch 
MeXOA KOHXpOAH CBapHbIX HIBOB C nOMOIABIO yABXpa- 
3Byna: KOAefiaHHH 3 ByK 0 B 0 H boahbi cpa3y nee H3Me- 
hhioxch, KaK xoabko Ha ee nyxH Bcxpeuaioxcn xpemHHbi, 
paKOBHHbi hah ApyrHe nopOKH MexaAAa. no xapanxepy 
3 Xhx H3MeHeHHH h onpeACAHiox poA Ae^eKxa. HeAO- 


fections in the welds, such as incomplete fusion, cracks, 
cavities and slag inclusions. However, it should be 
noted that the gamma-ray examination cannot reveal 
the smallest gas and slag inclusions which are beyond 
the sensitivity of the examination method. The gamma- 
rays cannot also detect inadequate fusion featuring 
tight sticking of metal without gas or slag interlayer 
and cracks appearing in the plane being at an angle 
of 15° to the gamma-ray plane. The weld quality is 
estimated by a person having a special qualification 
certificate by comparing the weld photograph with 
the reference weld photograph. 

Sections to be radiographed and coverage per cent 
of welds are specified by the scroll case design or by 
a special manual of the scroll case manufacturing 
plant. The junctions of longitudinal and circumferen¬ 
tial welds are usually radiographed with 50 per cent 
and even 100 per cent coverage, while the other weld 
sections are random radiographed, as a rule, with a 
small per cent coverage. 

Since gamma-rays may induce detrimental altera¬ 
tions and even irreversible alterations in human body 
tissues, the medical and safety rules must be strictly 
followed in respect of the personnel safety and environ¬ 
ment security. The same rules must be followed in 
shipping and storing radioactive isotopes. As specified 
by these rules, in particular, isotope ampoules must 
be stored in a special lead can which is kept at the 
bottom of a vertical storage tube well 1.5 m deep 
below the ground surface. 

The ampoules are shipped in a special sealed 
container escorted by a radiograph operator. If there 
are stops or changes on the way there should be two 
persons escorting the ampoules so that the latter 
should be always under observation. From an airport 
to the assembly site the containers with ampoules must 
be shipped in a special car. The shipping and service 
containers as well as safe distances for attendant per¬ 
sonnel for ampoules of different activity shall be desig¬ 
ned and calculated according to special nomograms. 
Special norms specify safe whole-body dose or safe 
radiation dose only for legs and arms. 

The ultrasonic examination method has recently 
found every increasing application. Here, sound wave 
oscillations change immediately as the wave comes 
up against cracks, cavities or other metal defects. 
The kind of a defect is determined by the type of 
oscillations. The shortcoming of this method is its 
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CT3TK0M 3T0T0 MeTO^a HBJTHeTCH erO Cy 6 x>eKTHBHOCTB, 
Tan KaK xapaKTepncTHKa bbihb jieHHoro AecjjeKTa bo 
MHO rOM 3aBHCHT OT HCnOJIHHTejIH, OT erO yMeHHB nojib- 
30BaTLCB sthm mctoaom. KpOMe Toro, TpeflyeTcn oco- 
6 eHHO TmaTejibHan no^roTOBKa niBa rjik kohtpojih. K 
He^ocTaTKaM mctoau cjie^yeT OTiiecTH TaK>i<e oTcyrcTBue 
06 'beKTHBHBIX AOKyMeHTOB B BH^e (J)OTOrpac})HH. 

JK. CEOPKA JIIITOH CIHIPAJIhliOH 
KAMEPEI 

Jlman cnnpajiBHaH na.Mcpa npepcTanjmeT co 6 oh 
C paBHHTeJIBHO >KeCTKyiO pa3beMHyiO JIHTyiO KOHCTpyK- 
I^HK), COCTOHII^yiO, B 3UB HCHMO CTH OT raflapHTOB, H 3 
flByx hjih ueTbipex uacreH. IToKa3aHHaH Ha pnc. 54 
cnHpajibHaa KaMepa coctoht H3 AByx naereH, npnueM 
o,o;Ha H3 hhx coBMemena c bxoahbim naTpyflKOM. 

Te jiHTtie crmpajiLHBie KaMepbi, Koxopbie npe^Ha 3 - 
HaneHbi rjik BbicoKOHanopHbix paAnajibHo-oceBbix rn- 
ApoTypflHH, o6n3aTejibHo noABepraioTCH rHApaBJiHnec- 
KOMy HcribiTaHHio Ha 3aBo/je-H3roTOBHTejie. BejiHHHHa 
HcnbixaTejibHoro AaBJieHHH odycjiOBJiHBaeTCH npoeKTOM 


G. ASSEMBLY OF A CAST SCROLL CASE 

A cast scroll case is a comparatively rigid split 
cast construction made of two or four pieces depending 
on its size. The scroll case shown by Fig. 54 is made 
of two pieces, one of them integrated with the inlet 
scroll case portion. 

Cast scroll cases for high-head radial-axial hydraulic 
turbines must be pressure tested at the manufacturing 
plant. The test pressure is specified by the turbine 
design and shall be not less than the maximum pressure 


subjectivity, since detecting of a defect is much 
dependent on the operator and his ability to apply 
the above method. In addition, the weld must be thor¬ 
oughly prepared for inspection. Another shortcoming 
of the method is the absence of photographs as 
objective recording documents. 



Phc. 54. OopMyjiHp ycTaHOBKH jihtoh cimpajiLHOH KaMepbi 
Fig. 54. Record Sheet of Cast Scroll Case Installation 
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rHflpoTypdHHbi h flOJDKHa SbiTb He MeHee MaKCHAiajibHoro 
AaBJieHHH, nojiynaeMoro b cnnpajibHOH KaMepe npn 
cbpoce toh Harpy3KH, KOTopan Bbi3biBaeT 3 to MaKCH- 
MajibHoe ^aBJieHHe. 

YcTaHaBJiHBaiOT Jinxyio cnHpajibHyio KaMepy Tpyflon 
Ha AOMKpaTbi hjih Ha fieTOHHbie TyMdbi, a hh>khhm 
(J maHiteM — HenocpencTBeHHo Ha 4>yH^aMeHTHoe KOJibqo. 
BepxHHH cjjjiaHeA KaMepbi hbjihctch Kan 6bi BepxHHM 
KOJIbltOM CTaTOpa, TaK KaK B 3TOM CJiyuae OTACJIbHblH 
CTaTop Boofiute OTcyTCTByeT. Cflopna TaKoii cnnpajibHOH 
KaMepbi, T.e. CTbiKOBKa OT^ejibHbix ee cerMeHTOB, cbo- 
Ahtch no cyiuecTBy k oriepaijHHM, y>i<e paccMOTpeHHbiM 
HaMH, Kor^a Mbi onncbiBajin cflopKy y3Ji03, coctohiahx 

H3 KOJibi^eBbix jtexajieH. E/jHiiCTBemibiM npnojiHHTejib- 
HblM TpeSOBaHHCM HBJIHCTCH HeofixO^HMOCTb TaKoro 
njioTHoro coeAHHeHHH idiockoctch pa3beMa ceraeHTOB, 
KOTopoe abcojnoTHO HCKjnonajio 6bi npoTeuKy bo abi. 
ObecnenHBaeTCH sto ocodo TiuaxejibHbiM coe ah h eriHeM 
CTbiKOB, b cneitHajibHbie KaHaBKH KOTopbix yKJia^bi- 
BaiOT ynjiOTHHTejibHyio Kpyrnyio pe3HHy. 

IIoph^ok pafioTbi no MOHTa>Ky TaKHx cnnpajibHbix 
KaMep cboahtch k cneAyiomeMy. Ecjih no3BOJimoT 
rpy3onoA beMHbie cpe/tCTBa h enje He BbiBe^eH no^re- 
HepaTOpHbin mucchb , KaMepy coSnpaioT Ha cdoponHon 
njiomaniKe h b codpaHHOM bhaq ycTaHaBJiHBaioT Ha ee 
onopbi. CdopKy KaMepbi mo>kho npoH3Bo#HTb Ha cne- 
unajibHbix no^KJia^Kax h AOMKpaxax jih 6 o b TaKOM 
nono>KeHHH, b KaKOM OHa 6yAex naxo^HTbcn npn padoTe, 
hjih >Ke pacKaHTOBaB ee Ha 90° TaK, hto 6 bi cxbikh ee 
dbuiH ropH30HTajibHbiMH h bxoahoh naxpydoK Haxo- 
Ahjich BHH3y. Ecjih >Ke no^renepaTopHbiH MaccHB y>Ke 
Bbine^eH hjih rpyaono^'fceMHbie cpe^CTBa neAocTaxonHbi 
rjik 3thx uejien, KaMepy codnpaiOT hs ox^ejibHbix cer- 
MeHTOB HenocpeflCTBeHHO Ha ee onopax, jih 6 o npe^BapH- 
TejibHO yKpynHHiOT b jho 6 om H3 ynoMHHyTbix nojio- 
>KeHHH Ha cneunajibHbix noAMOCTHX, coopy>KaeMbix Ha 
(jpyHflaMeHTHOM KOJibqe, h 3aTeM ycTaHaBJiHBaioT Ha ee 
onopbi b ynce codpaHHOM BH^e. 

YcTaHOBKa cerMeHTOB hjih Been KaMepbi Ha ee 
onopbi He3aBHCHM0 ot Toro, OHa dbuia yKpynHeHa, 
npoH3BOAHTCH b cJieAyioiqeH nocjieAOBaTejibHocTH: ot- 
AejibHbiH cerMeHT hjih oejiyio KaMepy c noMOHjbio KpaHa 
ycTaHaBJiHBaioT Ha onopbi cornacHo ee oceBbiM MeTKaM, 
KOTOpbie COBMemaiOTCH c COOTBeTCTByiOIUHMH OCHMH 
rHApoarperaTa. 3to npoH3BOAHTCH nyTeM BpameHHH 
3BeHa hjih Aejioii KaMepbi Ha rane KpaHa ao cobmc- 
meHHH OTBepCTHH Ha HH>KHeM cJjJiaHAe KaMepbi c coot- 
B eTCTByIOIAHMH OTBep CTHHMH Ha c{)yHA3MeHTH0M KOJIb- 
Ae. JXnx odjiemeHHH stoh onepaiiHH, b 3aBHCHM0CTH 
ot Toro, rAe pa3MeuieHbi pe3bdoBbie h rAe npoxoAHbie 
OTBepCTHH, B cjjyHAaMeHTHOe KOJIbAO HJIH B HH>KHHH 
<J>jiaHeA cnHpajibHOH KaMepbi b BepTbiB aioT rnecTb- 
BOceMb HanpaBJiHioiAnx mnHJieK. Tanan inmuibKa 
npeACTaBJineT codon yceneHHbin KOHyc c AnaMeTpoM 
BBepxy Ha 5— 6 mm MeHbine A^aMeTpa b ocHOBaHHH, 
KOTopbin paBeH A^aMeTpy npoxoAHoro OTBepCTHH. 


inside the scroll case on sheding the load which develops 
the maximum pressure. 

The scroll case is lowered onto the jacks or concrete 
pedestals and its lower flange rests directly on the 
foundation ring. The upper flange of the scroll case 
serves as the upper stay ring, because in this case there 
is no stay ring as such. The assembly procedure of 
such a scroll case, i.e. joining of its separate sections, 
is basically the same as in the case of assembling ring 
parts described before. The only additional require¬ 
ment is the necessity of exceedingly tight fitting of 
the joints so as to exclude water leakage. This is achie¬ 
ved by very tight joints with round rubber seals placed 
in special grooves. 

The sequence of assembly operations for such 
scroll cases is as follows. If proper hoisting equipment 
is available and generator foundation is not yet con¬ 
creted, the scroll case is assembled on the assembly 
floor and a complete assembly is placed on supports. 
The scroll case can be assembled with the help of 
special shims and jacks or it should be set in its work¬ 
ing position or tilted at an angle of 90° so that its 
joints are horizontal and the inlet end is looking down. 
If the concrete is already placed in the generator 
foundation or the hoisting devices are inadequate for 
mentioned operations, the scroll case is assembled of 
separate sections immediately on its supports or it 
is pre-assembled in either of the above positions on 
special scaffolds erected on the foundation ring and 
after the scroll case is completely assembled it is placed 
on its supports. 

The procedure of installation of the scroll case 
sections of the whole scroll case on its supports, irres¬ 
pective of the place of its pre-assembly, is as follows: 
a scroll case section or the whole scroll case is handled 
by the crane and mounted on its supports in accordance 
with its axial marks which are aligned with the respec¬ 
tive axes of the hydropower unit. This is achieved by 
rotating a scroll section or the whole scroll case on a 
crane hook until the holes on the scroll case lower flange 
coincide with the respective holes in the foundation 
ring. To facilitate this procedure, depending on the 
location of the screw and through holes six or eight 
guide studs are screwed in the foundation ring or 
in the scroll case lower flange. Such a stud is a trunca¬ 
ted cone of a top diameter 5^6 mm smaller than 
the diameter of the bottom, which is equal to the 
diameter of the through hole. 

When the cast scroll case is set on supports, care 
must be taken to maintain uniform load transferred 
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ripn ycTaHOBKe jihtoh cnHpajibHOH KaMcpbi Ha ono- 
pbi HeofixoAHMO cjie^HTL 3a TeM, uto6bi Harpy3i<a, 
nepe^aBaeMan ot cnHpaJiH Ha fieTOHiibie onopbi hjih 
AOMK paTbi h uepe3 hhhchhh (fmaHeij cnnpajiBHOH na- 
Mepbi Ha (JjyHflaMeHTHoe kojibao, fibuia paBHOMepHOH. 
3 to AocmraeTCH peryjinpoBKOH 3a3opoB MOK^y onop- 
hmmh noB epxHO cthmh h ^OBe^eHHeM hx k KOHijy nocaA- 
kh ao OAHHaKOBbix BejiHHHH. 3a3op peryjiHpyiOT c 
noMOiAbio AOMKpaTOB, ycTaHaBJiHBaeMbix noA Tpyfioii 
cnHpajiH. Ecjih 3anacoBKa TpocoB CAejiaHa Tan, hto 
npn no a 'beMe naMepbi KpaHOM ee BepxHHH cj)JiaHeit 6y- 
AeT ropH30HTajibHbiM ? to peryjinpoBKa 3a3opa cbo- 
Ahtch k ycTaHOBKe MepHbix npoKJiaAOK Ha 6eroHHbie 
TyM6bI HJIH K H3MeHeHHK) BbICOTbl AOMKpaTa coofi- 
pa3HO c 3a3opaMH mokay (J)JiaHii;eM h cjiyHAaMeiiTiibiM 
KOJibAOM. IlpoBepKy 3a3opa b npoijecce onycKaHHH 
cerMeHTa hjih Been cnHpajiH np0H3B0AHT c noMou^bio 
myna. 

OKOHnaTejibHO 3axHiiyB Sojitbi, kotopbimh cnnpajib- 
Hyio naMepy cnapHBaiOT c clnaiAaMeHTHbiM kojibijom, 
npHcrynaiOT k pa3BapKe 3jieKTpo cb apKOH noAKJiaAOK 
HJIH AOMKpaTOB H OTTH>I<eK, HAyiA^X OT CnHpajiH K 
ocHOBaHHio fieTOHa. 3aTeM, nocjie pa3BapKH, onoHua- 
TejibHO upoBepmoT npaBHJibHocTb ycraHOBKH, bbihb- 
JIHH, HOT JIH CMemeHHH OCeBbIX MCTOK AOTaJieH OTHO- 
chtcjibho ocen rHApoarperaTa, otkjiohchhh ot npoeKT- 
hoh bbicothoh OTMexKH, HeropH30HTajibHo cth BepxHero 
(jwiamja, HeAHJiHHApHHHocTH BHyxperiHeH pacxonKH 
(J)jiaHAeBe h cMemeHHH och exoahoto naxpy6i<a othoch- 
TejibHO och y arperaTa. J^aHHbie neex 3aMepOB 3aH0- 
chtch b (J>opMyjiHp (pHC. 54). CimpajiLHan KaMepa chh- 
Taexcn npaBHJibHo y cxanoB JieHHoii, ecjin npoBepna 
noKanceT, hto otkjiohchhh ot npoeKTHbix a^hhbix He 
npeBbimaioT bcjihhhh, yKa3aHHbix b Tafiji. 6 h~ 

3aH0CHMbIX B 4)0pMyJIHp BMeCTe C cJiaKTHHeCKHMH A^H- 
HblMH. 

4-8. OBJIHI^OBKII IUAXT 
rH^POTyPBHH H CEPBOMOTOPOB 

A, KOHCTPyKIJHfl II HA3HA l IEHHE 
OBJIHIJOBOK 

OSjihaobkh rnaxT THApoTyp6HHbi h cepBOMOTOpOB 

- 3TO MeTajIJIHHeCKHe KOHCTpyKAHH, CBapeHHbie H3 

JIHCTOBOH CTaJIH H CHa6>KeHHbie peSpaMH HCeCTKOCTH. 
Hx H3FOTaBJIHBaiOT BCeFAU KOMIIJieKTHO 5 HO B AByX 
pa3JiHHHbix BHAax: jihSo HeoTAejiHMbiMH Apyr ot Apyra, 
jih 6 o coBepmeHHo pa3AOJibHbiMH. B nepBOM cjiyuae 
KOMnjieKT npeACTaBJiHCT cofiofi A^a noJiymnjiHHApa c 
pa3MepoM no BepTHKajiH, k Ka>KAOMy H3 KOTopbix 
npHBapeHa rnaxTa cepBOMOTOpa. Bo btopom cjiynae 
maxTa rHApoTypfiHHBi coctoht H3 HecKOJibKHx uaereH, 
hh oAHa H3 KOTopbix He coeAHHeHa c iuaxTaMH cepBo- 
motopob . KpenJieHHe rnaxT cepBOMOTOpOB k inaxTe 


from the spiral to the concrete supports or jacks and 
through the lower flange of the scroll case to the 
foundation ring. This can be achieved by regulating 
clearances between the support surfaces so that they 
are equal on final setting of the scroll case. The clea¬ 
rances are adjusted by means of jacks erected under 
the spiral casing. If slings are attached so that when 
the scroll case is lifted by the crane its upper flange 
is brought to level, clearances are adjusted by means 
of shims set on concrete pedestals or by changing 
the jack height to meet the clearances between the 
flange and foundation ring. In the course of lowering 
the scroll case or its section the clearance is checked 
by a clearance gauge. 

After the bolts securing the scroll case to the foun¬ 
dation ring are fully tightened up, the shims or jacks 
and braces between the scroll case and the concrete 
foundation shall be connected by electric welding. 
On completion of welding the scroll case is finally 
checked for proper installation, that is, for a displa¬ 
cement of axial marks of parts relative to the axes of 
the hydropower unit or deviation from the design 
elevation; for the out-of-level position of the upper 
flange for the runout of the flange bore, for misalign¬ 
ment of the center line of the scroll case inlet end 
relative to the hydropower unit axis. The data of mea¬ 
surements obtained are put down in the record sheet 
(Fig. 54). The scroll case assembly and installation 
are perfectly true if the final check proves that the 
design parameters deviate within tolerances specified 
in Table 6; the given deviations and data of actual 
measurements are put down in the record sheet. 

4-8, TURBINE PIT AND SERVOMOTOR 
RECESS LINERS 

A, MECHANICAL DESIGN AND PURPOSE 

The turbine pit and servomotor recess liners are metal 
constructions welded of plate steel and provided with 
stiffeners. They are always manufactured as a set, 
but of two different types: either it is an integral 
liner or it is built up of separate liners. In the former 
case, the liner is made of two vertically split semi¬ 
cylinders and the servomotor recess is welded to each 
of them. In the latter case, the turbine pit liner is 
made of several parts and none of them is connected 
with the servomotor recess liners. The servomotor 
recess liner and turbine pit liner are secured by means 
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rnApoTyp 6 hhbi npoH 3 BOAHTCH b otom cjiyuae jinfio c 
noMOiitbio 6 ojitob, KOTOpbiMH (jmaHeij maxTbi cepBO- 
MOTopa npnfio jihhb aiOT k npHBapeHHOMy Ha inaxTe 
rHApoTypfiHHbi cJ)jiaHity, jinfio c iiomoiubio CBapKH. 

OfijiHitOBKa maxTbi rHApoTypfimibi BbinojiHHeT pojib 
onajiyfiKH npn fieTOHHp ob aHHH fijiona maxTbi thapo- 
TypfiHHbi h 3aiu[HmaeT rHApoTypfinny ot (JiHJiBTpyioiAeH 
uepe3 fieTOH boabi. KpoMe Toro, ofijimjoBKa maxTbi 
CJiy>KHT KapKaCOM JlJUl yCTUHOBKH maXT cepBOMOTOpOB. 

IIIaxTbi cepBOMOTOpOB, b cbok) ouepeA*>, npeAHa3Ha- 
ueHbi ajih pa3MemeHHH b hhx cepBOMOTOpOB HanpaB- 
jimomero annapaTa. B coBpeivieHHbix hho crpaHHbix h 
OTeuecTBeHHbix rHApoTypfiHHax, kohctpvku;hh KOTopbix 
npeAycMaTpHBaeT yeraHOBKy cepBOMOTOpOB Ha Kpbime 
rHApOTypfiHHbi, HaJiHune maxT cepBOMOTOpOB, ecTe- 
CTBeHHO, HCKJIIOHaeTCH. 

B. MOHTAHC OBJIHI^OBOK IUAXT 
I HAPOTyPBHHia H CEPBOMOTOPOB 

IIpH coBpeMeHHbix MeTOAax MOHTanca ycTaHOBKa 
HiaXT THApOTypfiHHbl H CepBOMOTOpOB, Kan npaBHJio, 
npOH3BOAHTCH fieCIIITpafiHbIM CnOCOfiOM. npH 3T0M 
ofijIHIJOBKy THApOTypfiHHbl BMeCTe C ofijIHAOBKaMH 
maxT cepBOMOTOpOB cofinpaiOT jihSo Ha cfiopouHon 
njiomaAKe h acjihrom y CTaHaBJiHBaiOT b KpaTep arpe¬ 
raTa, jih6o HenocpeACTBeHHO Ha MecTe ycTaHOBKH. 

OfijimtoBKy maxTbi THApoTypfiHHbi ctubht hh>khhm 
cjpjiaHiteM Ha BepxHee kojibao CTaTopa h KpennT k HeMy 
fiOJITaMH. IIpH U,eHTpHpOBaHHH HiaXTbl TypfiHHbl OTHO- 
CHTejibHO ocen TypfiHHbl h npn BbiBepKe BbicoTiioro 
nojio>KeHHH maxTbi 3a ncxoAHbie fia3bi fiepyT AaHHbie o 
(j)aKTHuecKOM nojiOHceHHH (J>jiaHiteB maxT cepBOMOTO- 
pOB, KOTOpbie He AOJI>KHbI OTKJIOHHTbCH OT npOCKTHblX 
AaHHbix fiojibme, ueM 3 to npeAycMOTpeHo Tafiji. 7. 


of bolts which connect the servomotor recess flange 
to the turbine pit flange welded to the latter or they 
are connected by welding. 

The turbine pit liner serves as the formwork when 
pouring concrete into the turbine pit block and pro¬ 
tects the turbine against water infiltrating through 
the concrete. Besides, the pit liner serves as the frame¬ 
work for the erection of servomotor recesses. The 
servomotor recesses are meant to house the wicket 
gate servomotors. In the present-day foreign and 
home designs of hydraulic turbines servomotors are 
mounted on the headcover which, naturally, makes 
it possible to dispense with servomotor recesses. 

[L ERECTION OF TURBINE PIT 
AND SERVOMOTOR RECESS LINERS 

The present methods of erection of the turbine 
pit and servomotor recess liners do not require block- 
outs (“no-block-out” method). In this case, the turbine 
pit liner is assembled together with the servomotor 
recess liners either on the assembly floor and, when 
completely assembled, it is installed in the turbine 
pit, or all the assembly operations are performed at 
the place of installation. 

The turbine pit liner is lowered with its lower 
flange onto the upper stay ring and bolted thereon. 
When aligning the turbine pit relative to the center 
lines of the turbine and checking the elevation of the 
turbine pit, reference is made to the actual position 
of the servomotor recess flanges, which should be 
within the design tolerances specified in Table 7. 


Tafijinua 7 

AOnVCKH HA MOHTA3K OBJIHE(0B0K IUAXT CEPBOMOTOPOB H HIAXT TyPBHH 


XapaKTep otkjiohchhh 


Mecro 3aMepa 


AonycTHMoe otkjiohchhc (mm) jjjih pa6o- 
Hcro KOJieca flnaMeTpoM (He 6oJiee), m 



Otkjiohchhc ot npoeKTHOH bbicothoh ot- 

MCTKH 


HenepneHAHKyjiHpHOCTb njiocKOCTeii cjxiiaH- 
Aes, npe^Ha3HaMemibix ^jih KpeiuieHHH 
cepBOMOTOpOB K OCHOBEHHIO (JWHTjaMCHTa, 
K OCH CCpBOMOTOpOB 


Ot oceii cepBOMOTOpOB ao (JuiaHija ajih kpbiiukh 
TypSnHbi A h (Ha cTaTope, BepxHeM <J)yHAaMeHTHOM 
KOJibue hjih bcpxhcm KOjn»Ae HanpaBJiHioiAero 
annapaTa) 

Ot oTBeca jjo bcpxhch h hhjkhch kpomok {JwiaHija 


1.0 

1.5 

0,3 

0,5 


2 

0,8 


2,5 
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OTKJiOHemie ocefi inaxT CepBOMOTOpOB ot 

ocen x u y 

Ot och 30 npaBOH h jicboh kpomok tjmaHua 

Aa 2 ,i 

1 

1 

1,5 

2 

2 


Ot och y 30 onopHbix (JpjiaHijeB cepBOMOTopa A b 

3 

5 

7 

8 

10 


Ot och x flo oceii CepBOMOTOpOB AS 

1 

1,5 

2 

2,5 

3 

HeUHJIHHflpHUHOCTB A R 

^HaMeTpajiBHo 

10 

15 

20 

30 

40 

CMenjeHne och oOjihijobkh rnaxT rHflpOTyp- 

6 hHL>I OTHOCHTejlBHO B epTHK EJIBHOH OCH 

arperaTa 

Ot och oSjthuobkh 30 BepTHKajiBHon och arpe¬ 
raTa A rx h Ary 

8 

12 

15 

20 

25 


Table 7 

INSTALLATION TOLERANCES FOR TURBINE PIT AND SERVOMOTOR RECESS LINERS 


Type of deviation 

Point of measurement 

Allowable tolerance (mm) for turbine 
runner dia., max., m 



2 | 

3 1 

5 | 

7.2 | 

9.3 


Deviation from design elevation 

From servomotor axes to turbine headcover flange 

Ah (on stay ring, upper foundation ring or upper 

wicket gate ring) 

1.0 

1.5 

2 

2 

2.5 

Planes of flanges meant for securing servo¬ 

From plumb to upper and lower flange edges 






motors to foundation base are not normal 

A «l,3 

0.3 

0.5 

0.8 

1 

14 

to servomotor axes 







Offset of servomotor axes relative to axes 

From the axis to the left and right flange edges 






“x” and “y n 

A^2)4 

1 

1 

1.5 

2 

2 


From axis y to servomotor support flanges A b 

3 

5 

7 

8 

10 



From axis x to servomotor axes Aft 

1 

1.5 

2 

2.5 

3 

Out-of-roundness A R 

Diametrically 

10 

15 

20 

30 

40 

Offset of axis of turbine pit liner relative 

to vertical axis of hydropower unit 

From axis of liner to vertical axis of hydropower 
unit A rx and Ary 

8 

12 

15 

20 

25 


IlpH BbiHBJieHHH oTcrynjieHHH, npeBBiinaiomHx Be- 
jiH^HHbi, oSycjiOBJieHHbie 9 toh TaSjiHqen, hco6xoahmo 
noA cbJiaHeu o6jihaobkh no,ryio>KHTi> cooTBeTCTByiomne 
noAKJiaAKH h npHBapiiTL hx. Ecjih nojio>KeHHe oceii 
CepBOMOTOpOB 3aBbimeHO (HTO MO>KeT np0H30HTH H3-3a 
oihh6kh 3aBOACKoro H3roTOB jichuh) 3 to (J)jiaHeA o6jih- 
ijobkh cjieAyeT o6pe3aTb h npHBapHTb b hobom nojio- 
>KeHHH, COOTBeTCTByiOmeM ripoeKTIlbIM AaHHbIM OTMe- 
TOK OCeM CepBOMOTOpOB. 

HeAHJIHIIApH^HOCTL UiaXTbl HCnpaBJIHIOT oSbiqHbIM 
nyTeM, T.e. c noAiomtio pacTH>KeK c TaJipenaMH hjih 
pacnopoK, KOTOpbie cHHMaiOT nocjie 3 aTBep/jCB uhuh 
3ajiHToro b 6jiok rnaxTbi 6eTOHa. Ha ycxaHOBJieHHbiH 
y3eJI UiaXT rH/JpOTypfiHHbl H CepBOMOTOpOB COCT3BJIHIOT 
4>opMyjiHp, y>Ke noKa3aHHbin Ha pnc. 48. B stot (|)op- 
Myjinp 3aHOCHT TaK>Ke AaHHbie o A°ny cthmbix otkjio- 
HeHHHX (TaSji. 7). 

4-9, HAnPABJIHIOmHH AHIIAPAT 

A, KOHCTpVKmm H HA3HAHE1IHE 

HanpaBJiHiomHH annapaT rH^poxyp6HHbi npe^na3- 
HaneH rjik HanpaBjieHHH noTOKa Bo/tbi, nocTynaioiqero 
H3 HanopHOH naMepbi k pafioneMy KOJiecy, a Taicne ,ujih 
KOJ iHHecTBeHHoro peryjinp ob aHHH 3Toro noTona npn 
H3MeHeHHHX Harpy 3 kh, nycKax h ocTaHOBKax ra^po- 
arperaTa. HanpaBJunommi annapaT coctoht H 3 Ha- 
npaBJiHiOHjHx jioriaTOK, pacnojio>KeHHbix MOK^y Bepx- 
HHM H HHJKHHM KOJIBIjaMH, H MexaHH3MOB, C nOMOiqMO 
KOTOpbIX npOH3BOAHTCH nOBOpOT 3THX JIOnaTOK (pHC. 
55). Hew Sojibnie BbicoTa jionaTOK, tcm 6ojn>ine bo^bi 
mo>kho nponycTHTb nepea padouee KOJieco ashhoh Typ- 
6 hhbi. Ho no ycjioBHHM KaBHTaqnn BbicoTa nx ,noji>KHa 
Haxo^HTLcn b onpe,uejieHHOM £jih na>KAoro Tnna 
Typ6nH cooTHomeHHH c ^naMeTpoM pafiouero KOJieca. 

PeryjinpoBaHHe noTona npoH3Bo^HTCH aBTOMaTH- 
necKHM B03/];eHCTBHeM peryjiHTOpa CKOpocTH BpameHHH 
rn/];pOTyp6HHbi Ha cepBOMOTOp HanpaBjinion^ero anna- 
paTa. CepBOMOTOp uepe3 peryjinpyion^ee kojilijo h 


It is found out that if the deviations exceed the 
specified values (see the above Table), appropriate 
shims should be inserted under the liner flange and 
then welded. If the position of axes of the servomotors 
are too high (due to manufacturing error), the liner 
flange shall be trimmed and welded in a new position 
corresponding to the design elevations of the servo¬ 
motor axes. 

If the pit liner lacks roundness it is restored as a 
rule by means of braces with turnbuckles or by struts 
which are removed after the concrete placed in the 
pit block hardens. On completion of installation of 
the turbine pit and servomotor recess liners a record 
sheet is made up (see Fig. 48). The record sheet con¬ 
tains also the measured allowable deviations, if any 
(Table 7). 

4-9, WICKET GATE 

A. MECHANICAL DESIGN AND PURPOSE 

The wicket gate of a hydraulic turbine is intended 
to direct water flow from the pressure chamber to 
the turbine runner and to control the rate of the flow 
in the event of variations in the load, at starts and 
shut-downs of the hydropower unit. The wicket gate 
consists of guide vanes positioned between the upper 
(crown) plate and the lower (distributor) ring, and 
mechanisms serving for turning the guide vanes (Fig. 
55). The higher the guide vanes, the higher is the 
discharge capacity of the runner of the given turbine, 
but proceeding from conditions of cavitation the 
height of guide vanes is to be in a certain correlation 
with the turbine runner diameter, this relation being 
different for each type of turbines. 

The rate of flow is controlled automatically by the 
action of the turbine speed governor upon the wicket 




























































pbraa>KHyio cHcreMy noBopauiiBaex jionaTKH, yMeHLinan 
hjih yBejiH^HBan >KHBoe cenemie, uepe3 KOTopoe npo- 
nycKaeTCH boas, h TeM caMbiM yMeubman hjih yBejin- 
HHBan KOJinnecTBo bo^bi, nocTynaiomeH uepe3 HanpaB- 
jihioiahh annapaT k padoueMy KOJiecy rHApoTypflHHbi. 
Ilpn 3aKpbiTOM nojio>KeHHH HanpaBJiniomero anna- 


paTa jionaTKH, njioTHo conpHKacancb Rpyr c ApyroM, 
o6pa3yiOT 3aMKHyToe kojibao? OTropa>KHBaiomee Hanop- 
Hyio KaMepy ot paflouero KOJieca, SjiaroAapH HeMy 
npeKpamaeTCH Aocxyn bo^bi H3 HanopHOH KaMepbi k 
padoueMy KOJiecy. 

npH OTKpbiTOM nojio>KeHHH HanpaBJinioiAero anna- 
paTa MejK^y cmokiibimh jionaTKaMH, BepxHHM h i-ih>k- 
hhm KOJibiiaMH o6pa3yiOTCH Kanajibi, uepe3 KOTopbie 
noTOK bo^m nocTynaeT H3 HanopHOH KaMepbi k pa6o- 
ueMy KOJiecy. KoncxpyKAHio h KOHcjjHrypanHio jionaxoK 
BbiSnpaioT thkiimh, UToflbi ohh cnocoScTBOBajin 6e3y- 
AapHOMy BxoAy Bojjbi Ha JionacTH paflonero KOJieca. 
B coBpeMeHHbix KOHCTpyKAHnx rHApoarperaTOB b i<aue- 
CTBe nOAHIHnHHKOB, B KOTOpbIX IIOBOpaHHBaiOTCH nari- 
(|)bl JIOnaTOK, npHMeHHIOTCH: B HH>KHeM KOJILI^e — 
jiHrHa<|)OJieBbie hjih rpacJjHxo-KanpoHOBbie BTyjiKH, 3a- 
npeccoBbiBaeMbie b pacronKH Ha KOJibAe, b BepXHeM 
KOJibi^e — TaKHe >Ke hjih 6p0H30Bbie BxyjiKH, 3anpecco- 
BbiBaeMbie b cBeMHbie cTaKaHbi. B BepxHHx BTyjiKax 
ycTaHaBJiHBaioT ynjioxHHioiAHe pe3HH0Bbie hjih KO>Ka- 
Hbie KOJibi^a, npe^OTBpaiqaiomHe npOTemcy boabi 
H 3 HanopHOH KaMepbi Ha KpbiuiKy rHApoTypflHHbi. 

BepxHHe i^an(J)bi jionaTOK CMa3biB aiOTCH rycTOH 
CMa3KOH nepe3 TaKeJieMHTHbie tojiobkh ot cnei^najibHOH 
ycTaHOBKH i^eHTp aJIH30B aHHOH CMa3KH hjih ot pynHoro 
npecca, a HH>KHHe — boaoh hjih Taione rycTOH CMa3K0H, 
nporoHneMOH nepe3 CBepJieHHe, cAejiaHHoe no Been 
AJiHHe jionaTKH. 

Eojiee iuiOTHoe npHJieraHHe JionaTOK Apyr K Apyry 
o6ecnenHBaeTCH b coBpeMeHHbix KOHCTpyKAHnx HanpaB- 
jnnoiHiHX annapaTOB ynjiOTHHTejibHOH pe3HHOH, yKJia- 
AbiBaeMOH b OAny H3 conpHKacaioiAHxcH njiocKOCTeH 
JionaTKH, a 6ojiee njiOTHoe npnjieraHHe JionaTOK k sepx- 
HeMy h HH>KHeMy KOJibAaM — TaKOH >Ke ynjiOTHHTejibHOH 
pe3HHOH, yKJiaAtiBaeMOH b oth KOJibAa. B stom h b 


gate servomotor. The servomotor turns the guide 
vanes with the help of the operating ring and the 
system of levers thereby increasing or decreasing the 
clear opening for water with the result that the amount 
of water inflow through the wicket gate to the turbine 
runner is increased or decreased. 

With the wicket gate in a closed position the guide 
vanes are in a tight contact with each other and form 
a closed ring separating the pressure chamber from 
the runner and preventing the admission of water 
from the pressure chamber to the runner. 

With the wicket gate in on open position, water 
passages are formed between the adjacent guide vanes, 
the crown plate and the distributor ring and through 
these passages water flows from the pressure chamber 
to the runner. The mechanical design and the shape 
of the guide vanes are to be such as to ensure a ham¬ 
merless admission of water onto the runner blades. 
In modern hydraulic turbines the following types of 


bearings mounting the guide vane stems are employed: 
in the distributor ring, lignefol or capron-and-graphite 
bushes press-fitted in the ring bores; in the crown 
plate, similar or bronze bushes press-fitted in deta¬ 
chable sleeves. The upper bushes mount sealing rubber 
or leather rings that function to prevent leakage of 
water from the pressure chamber onto the turbine 
cover. 

The upper stems of the guide vanes are lubricated 
with consistent grease through takelemith fittings from 
a special centralized lubrication plant or from a hand 
pressure lubricator; the lower stems are lubricated 
with water or consistent grease forced through a bore 
made over the entire length of the vane. 

In modern wicket gates a more tight fitting between 
guide vanes is ensured by means of rubber sealing 
strips placed on one of vane surfaces in contact. A 
more tight fitting between the guide vanes, the crown 
plate and the distributor ring is provided with the 
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ApyroM cjiynanx pe3HHy 3anpeccoBbiBaiOT b rae3Aa, 
HMeioiAHe (jjopMy jiacrouKHHa xBOcra. 

Bo H 3 fle>KaHHe nojiOMKH pbiuaroB HanpaBJimoinero 
annapaTa b tom cjiyuae, ecjiH bo BpeMH ero 3aKpbiTHH 
Me>KAy JionaTKaMH nonaneT KaKOH-HH6y ab nocTopoHHHH 
npeAMex, npeAycMaTpHBaiOT TaKyio KHHeMaTHKy pbi- 
Ua>KHOH CHCTeMBI, HTOfibl B03ACHCTBHC Ha jionaTKy npn 
ee noBopoTe npoH3BOAHJiocb nepe3 jiOMKyio cepbry 
hjih uepes cepbry c yCTanoBJieiiHbiM b Hen pa3pbiBHbiM 


help of rubber seals placed in the plate and ring. In 
either case, the rubber is pressed into dovetailed slots. 

To avoid breaking the wicket gate levers in case a 
foreign object is caught between the guide vanes during 
the wicket gate closure, the leverage arrangement is 
designed so as to provide for turning the guide vane 
with the help of a breakable connecting link with a 
shear pin installed in this link. When this is the case, 
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6ojitom. Tor^a nocrop ohhhh npeAMeT, nonaBuiHH mok- 
Ay JionaTKaMH 3aKpbiBaioiuerocH HanpaBJiniomero anna* 
paxa, pa3pymaeT He pBiuarn, a noMKyio cepnry hjih 
pa3pbIBHOH 6 oat. 

HandoABHiee pacnpocTpaHeHHe nonynHAH a^ahhaph- 
necKHe HanpaBjiHiomHe annapaTbi, nan caMbie npo- 
CTbie b KOHCTpyKTHBHOM OTHomeHHH. B 3thx annapaTax 
och HanpaBJiHiOH^Hx jionaTOK pacnono>KeHbi Ha i^hjihh- 
ApHHecKOH noBepxHocTH, o6pa30BaHHOH BOKpyr pa6o- 
nero KOJieca. HenoTopbie HHOCTpairabie (JjnpMbi npHMe- 
hhiot KOHHHecKHe HanpaBAHioiAne annapaTbi, b koto- 
pbix och JionaTOK pacnojionceHbi Ha kohhhcckoh noBepx- 
hocth (pHC. 56). HanpaBJinioiijHe annapaTbi Tanon 
KOHCTpyKi^HH no3BOJiHiOT yMeHbiuHTb AnaMexp CTaropa 
THApOTypSHHbl, HO OHH CJIO>KHbI B H3r0T0B JieHHH. 

J^JIH npHMOTOHHbIX THApOTypGHH npHMei-IHIOX pa- 
AnajiBHbie HanpaBJiHiOHjHe annapaTbi, b KOTopbix och 
J ionaTOK pacnojio>KeHbi b p a Ana jibhom HanpaBJieHHH no 
OTHomeHHio k och pafionero KOJieca. 

TexHOJiornnecKHe npneMbi MOHTa>Ka HanpaBJimo- 
iahx annapaTOB paAnajiBHO-oceBbix h noBopoTHO-AO- 
nacTHbix THApoTypGHH Apyr ot Apyra cyiqecTBeHHo He 
OTJiHnaiOTCH, noaTOMy Mbi 6yAeM paccMaTpHBaTB hx 
BM ecTe. 

B. MOHTAMC 

IIocJieAOBaTejiBHOCTB onepaijHH no moHTa>Ky Ha¬ 
npaBAHioiAero annapaTa 3aBHCHT ot cooTHomeHHH A^a- 
MeTpOB paoonero KOJieca h BnyTpeHHen pacTOHKH Ha 
BepxHeM KOJiBAe HanpaBAHioiAero annapaTa. 

Ecjih A^aMeTp bH yTpeHHen pacxouKH Ha BepxHeM 
KOJiBAe HanpaBAHioiAero annapaTa doABine AnaMexpa 
paSonero KOJieca, to TaKHe onepaAHH no MOHTancy 
HanpaBJiHioiAero annapaTa, KaK ycTaHOBKa JionaTOK h 
BepXHHX CTaKaHOB CO BTyJIKaMH H ynJIOTHeHHHMH, 
HaAeBaHHe pbiuaroB Ha BepxHHe nancjibi JionaTOK h 
3aKJiaAKa ynJIOTHHTeJIBHOH pe3HHbI B KaHaBKH Ha 
CTaHKax, npoH3BOAHT ao onycKaHHH padonero KOJieca 
b KpaTep arperaTa. Ilocjie nee onycKaHHH paoonero 
KOJieca b KpaTep h ycTaHOBKH KpbiniKH raApoTypdHHbi 
ocTaeTCH jihiub coeAHHHTB pbinarn nepes cepBrn c 
peryjinpyioiAHM kojibaom, a nocneAHHe — c THraMH 
CepBOMOTOpOB. 

Ho ecjiH AHaMeTp padonero KOJieca doABine A^aMeTpa 
BHyTpeHHen pacrouKH Ha BepxHeM kojibac HanpaBJiHio¬ 
iAero annapaTa, to KOJieco HaAO ycraHOBHTB b KpaTep 
o6n3aTejiBHO ao nocaAKH Ha MecTO BepxHero KOJiBAa 
HanpaBJiHioiAero annapaTa. B stom cjiynae cdopny 
HanpaBJiHioiAero annapaTa npnxoAHTCH npOH3BOAHTB b 
ochobhom y>Ke nocne onycKaHHH padouero KOJieca b 
K paTep arperaTa. Jfo onycKaHHH nee padonero KOJieca 
b KpaTep mo>kho jihiiib nocaAHTB JIOnaXKH hx hh>khhmh 
A ancjjaMH bo BTyjiKH Ha hhhchcm kojibac HanpaBAHioiAero 
annapaTa. 

nocjieAOBaTejiBHOCTB onepaAHH no cdopne HanpaB¬ 
JiHioiAero annapaTa 3aBHCHT h ot (fjopMbi oTBepcTHH noA 


the foreign object caught between the guide vanes of 
the wicket gate going for closure will break the con¬ 
necting link or the shear pin and not the levers. 

Cylindrical wicket gates, being the simplest in 
design, have found most wide application. In these 
wicket gates the centre lines of the guide vanes are 
positioned in a cylindrical surface surrounding the 
turbine runner. Some foreign turbine manufacturers 
employ conical wicket gates where the centre lines 
of the guide vanes are on a conical surface (Fig. 56). 
Such wicket gates enable reducing the turbine stay 
ring diameter but are too complicated to manufac¬ 
turing. 

Radial wicket gates are used in tubular turbines. 
In these wicket gates the centre lines of the guide 
vanes are arranged radially in respect to the runner 
centre line. 

The technology of erection of wicket gates of radial- 
axial (Francis) and adjustable-blade (Kaplan) turbines 
is almost the same and for this reason the problems 
of erection of wicket gates of turbines of both types 
will be considered jointly. 

B, ERECTION 

The sequence of operations on the erection of a 
wicket gate depends on the ratio of the runner dia¬ 
meter to the inner bore of the wicket gate crown plate. 

In case the inner bore of the wicket gate crown 
plate is greater than the runner diameter, the erection 
operations, such as installation of guide vanes and 
upper sleeves with bushes and seals, putting the levers 
onto the upper stems of the guide vanes and placing 
rubber seals into slots are performed prior to lowering 
the runner into the turbine pit. After the runner is 
lowered into the turbine pit and the turbine headcover 
is set in position, the only thing to do is to connect 
the levers via links to the operating ring and the latter 
with the servomotor reach rod. 

When the runner diameter is larger than the wicket 
gate crown plate bore, however, the runner is to be 
installed in the turbine pit prior to installing the wicket 
gate crown plate in position. In this case, the wicket 
gate is to be assembled for the most part after sinking 
the runner into the turbine pit. While the runner has 
not yet been lowered into the turbine pit, only the 
guide vanes may be placed with their lower stems into 
the bushes on the wicket gate distributor ring. 

The sequence of operations on assembling the wicket 
gate also depends on the shape of openings for sleeves 
in the wicket gate crown plate. In case special slots 
are made in the crown plate for passing the guide 
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CTaKaHbi b BepxHeM kojibac HanpaBJiHioiAero annapaTa. 
Ecjih b BepxHeM kojibac hmciotch cneAnanBHbie npo- 
pe3H ahh npoxoAa HanpaB jihioiahx JionaTOK, to JionaTKH 
mo>kho ctubhtb nocjie ycTaHOBKH BepxHero KOJiBAa Ha 
ero MecTO. Ecjih >Ke TaKHx npope3en HeT, a hmciotch 
tojibko Kpyrjibie OTBepcTHH noA CTaKaHbi, to Bee Jio¬ 
naTKH HaAO nocTaBHTB hhjkhhmh AancJiaMH bo BTyjiKH 
Ha HHJKHeM kojibac HanpaBAHioiAero annapaTa ao ycTa- 
hobkh BepxHero KOJiBAa. CjieAyeT 3aMeTHTB, nxo Bepx- 
Hee kojibao HanpaBJiHioiAero annapaTa mo>kct 6bitb 

JIH60 CaMOCTOHTejIBHBIM 3 JieMeHTOM, JIHdo naCTBIO KOH- 
ctpyKAHH, coBMeiAaioiAen b ce6e BepxHee kojibao 
HanpaBJiHioiAero annapaTa c BepxHHM kojibaom CTaTopa 
HAH C KpblUIKOH rHApOTyp6HHBI. 

Ho KaKOBa dbi hh 6buia nocjie aob aTe jibhoctb BBinoji- 
HeHHH TexHOJiornuecKHX onepaAHH no MOHTa>Ky Han- 
paBJiHioiAero annapaTa, odycnoBnemiaH KOHCTpyKAnen 
THApoTypdHHBi, BbinojiHeHHe Ka>KAOH otacjibhoh one¬ 
paAHH b bojiBiHHHCTBe CAynaeB 6yAeT oahothhhbim. 
IIo 3 TOMy HH>Ke mbi paccMOTpHM MOHTa>K HanpaBAHioiAe¬ 
ro annapaTa toabko b oahoh nandoAee paenpoerpa- 
HeHHOH TexHOAornnecKOH nocAeAOBaTeABHOCTH. 

IlepeA c6opKOH HanpaBAHioiAero annapaTa Heobxo- 
AHMO npOBepHTB MapKHpOBKy AOnaTOK H COOTBeTCTBeH- 
ho nocaAOHHbix MecT Ha hhhchcm h BepxHeM KOABAax. 
CAeAyeT TaKH<e TiAaTeABHO npOBepHTB pa3Mepbi a an(j) 
h noAiHHnHHKOBbix BTyAOK b MecTax HX conpn>KeHHH. 
HecooTBeTCTBHH Me>KAy conpnraeMBiMH AnaMeTp umh 
HeobxOAHMO yCTpaHHTB. TaK, npH OTCyTCTBHH oSyCAOB- 
ACHHOrO HepTOKOM 3a30pa Me>KAy AByMH TpyiAHMHCH 
nO B epXHO CTHMH CAeAyeT IipOTOUHTB A^ntjlBI AOnaTOK 
HAH COOTBeTCTBeHHO paCUiabpHTB HAH paCTOHHTB Bepx- 
HHe h HHJKHHe BTyAKH. Ecah >Ke 3a30p Hpe3MepHO 
BeAHK, TO COOTBeTCTByiOIAHe BepxHHe H HH>KHHe BTyAKH 
CAeAyeT 3aMeHHTB hobbimh h noAornaxB hx no MecTy. 

Ocodoe BHHMaHHe peKOMeHAyeTCH o6paiAUTB Ha bbi- 
coTy AHTHacjioAeBBix BTyAOK b hhhchcm KOABAe HanpaB- 
AHioiAero annapaTa. Hco6xoahmo, hto6bi ohh 6bijih 
Ha 2 — 3 mm HH>Ke BepxHeii tohchoh haockocth na 
HH>KHeM KOJIBAe. 3 t 0 TpedOBaHHe npOAHKTOBaHO TeM, 
hto AHrHa(J)OAB npH nonaAaHHH b BOAy pa3dyxaeT 
BAOAB BOAOKOH, B CHJiy Hero OTCyTCTBHe TaKOrO 3aHH- 
>KeHHH MO>KeT npHBeCTH K 3aKAHHHBaHHio HanpaBAHio- 
iAero annapaTa, a crano 6bitb, h k cepBe3HOH aBapnn 
c arperaTOM. 

n P H npoBepne nonaTOK hco6xoahmo TaKH<e o6pa- 
iAaTB BHHMaHHe Ha BBicoxy nepa AOnaTOK, pacnoAarae- 
Moro MOKAy BepXHHM H HHJKHHM KOABAaMH. BblCOTHbie 
pa 3 Mepbi AOnaTOK 6yAyT npaBHABHBiMH ahihb b tom 
CAynae, ecAH paccTOHHHe no BepTHKaAH Me>KAy Bepx- 
Heii TonenoH haockoctbio Ha hhhchcm KOABAe h hhhchch 
ToneHOH n aockoctbio Ha BepxHeM koabac HanpaBAHio¬ 
iAero annapaTa o6ecnenHT nocne ycraHOBKH BepxHero 
KOABAa Ha MecTO yKa 3 aHHBie b nepTence TopAOBBie 
3 a 3 opbi no AonaTKaM. ^ah onpeAeneHHH 3 Toro 3 a 3 opa 
Heo6n3aTeABHO ycTaHaB ahb aTB BepxHee koabao Ha MecTO, 
TaK KaK npOBepKy mohcho npoH 3 BecTH, 3 aMepHB bbi- 
cotbi conpnraeMBix AeTanefi. Ecah o6Hapyn<HTCH, hto 


vanes, the latter can be placed after the crown plate 
is positioned in its place. If no such slots are provided 
and only round openings for sleeves are made, all 
the guide vanes should be installed with their lower 
stems into the bushes on the wicket gate distributor 
ring prior to mounting the crown plate. It should 
be noted that the crown plate of the wicket gate may 
be either an independent member or a part of con¬ 
struction combining the wicket gate crown plate and 
the upper stay ring or the turbine headcover. 

Whatever sequence of operations on the wicket 
gate assembling selected, however, depending on the 
turbine design, the execution of each individual opera¬ 
tion will be similar in the majority of cases. For this 
reason, only one, most widely employed, sequence 
of wicket gate assembling and erection will be consi¬ 
dered hereunder. 

Prior to assembling the wicket gate, marking of 
vanes and of corresponding seats in the crown plate 
and distributor ring is to be checked. Dimensions of 
the vane stems and corresponding bearing bushes 
are to be also carefully checked. Discrepancies between 
diameters of elements to be joined should be elimi¬ 
nated. Thus, in case no specified clearance is provided 
between two friction surfaces, the vane stems are to 
be turned down or corresponding upper and lower 
bushes are to be bored or scraped. In case the clearance 
is too large, corresponding upper and lower bushes 
are to be replaced and the new ones are to be fitted 
to the stems. 

It is recommended to pay special attention to the 
height of lignefol bushes in the wicket gate distributor 
ring. These bushes should be 2 to 3 mm under the 
machined top surface of the ring. This is dictated by 
the fact that lignefol, when soaked with water, is 
swelling along the fibres and the absence of the clea¬ 
rance between the bush top and the top surface of the 
distributor ring may result in the wicket gate jamming 
and thus in a grave damage to the hydropower unit. 

When checking the vanes attention should be also 
given to the height of the vane edge which is to be 
adjusted between the crown plate and the distributor 
ring. The vane height may be considered as being 
correct only in the case the specified clearances at the 
butt ends of the vanes are provided after the crown 
plate installation at the given vertical distance between 
the machined top surface of the distributor ring and 
the lower machined surface of the crown plate. There 
is no need to install the crown plate in order to mea¬ 
sure this clearance since the check can be made by 
measuring the heights of adjoined parts. In case the 
height of vanes does not correspond to the distance 
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Phc. 57. YcTaHOBKa jionaTOK HanpaBJifliomcro an- 
napaTa 

Fig. 57. Assembly of guide vanes 


BticoTa JionaTOK He cooTBeTCTByeT paccTQHHHio mokay 
B epXHHM H HH/KHHM. KOJIBI^aMH, TO CJie^yeT AOBCCTH TOp- 
AOBbie 3a30pbi ao HOpMbi. JXejiaeTCH 9TO oahhm H3 
cjieAyiomHX cnocoSoB: jih6o npoTonKon Bcex hjih 
nacTH JionaTOK Ha craHKe, jih6o yCTaHOBKOH cootbct- 
cTByiomeH TOJimHHbi meTajniHnecKHx npoKjia^OK noA 
(JuiaHeu; BepxHero KOJitna, jih6o HaiuiaBKOH MeTajuia tia 
Topi^bi Bcex hjih uacra JionaTOK c nocjie^yioiqeH o6pa- 
Sotkoh hx, jih6o, HaKOHen;, y cthhobkoh MeTajuiHuecKHx 
npoKJia^OK noA no ca aouhkeh (J)JiaHen Ha hhjkhcm kojibac 
H anpaBJiHioiAero annapaTa. 

ITocjie Toro, KaK Bee act ann jionaTOHHoro MexaHH3- 
Ma 6yAyT npoBepeHbi n npnBeAeHbi b HaAJie>i<ainee 
coctohhhc, mo>kho npHCTynaTb k MOHTa>Ky HanpaBJimo- 
mero annapaTa. MoHTanc stot HannHaioT c ycTaHOBKH 
Bcex JionaTOK hhjkhhmh ijanc^aMH- bo BTyjiKH Ha hh>k- 
HeM KOJibAe iianpaBJiHionjero annapaTa (pnc. 57). IIpH 
3 tom npOBepmoT jierKocTb xoAa ijancJ) bo BTyjiKax, a~ t ih 
nero BpaiqaiOT nx Ha rai<e KpaHa. ITocjie 3Toro ycra- 
HaBJiHBaiOT nejiHKOM hjih cerMeHTaMH BepxHee kojibao 
H a nocaAOHHoe iviecTO, AoSnBancB coBMeiAeHHH ero oce- 
Bbix MeTOK c MeTKaMH Ha CTaTope (pnc. 58). 

JJjih ycKopeHHH AOHTpnpoBaHHH BepxHero KOJibAa 
peKomeHAyeTCH ycTaHaB jihb aTb ero Ha MecTo c 3aKpen- 
jieHHbiMH nnTbio-inecTbio BTyjiKaMH, KOTopbie npn no- 
caAKe Ha A^ncjjbi jionaTOK gator KOJibAy Tounoe HanpaB- 
jieHne. Kan tojibko BepxHee KOJibAO 6yAeT OTAeHTpn- 
pOBaHO no OCHM H OTHOCHTeJIbHO A^lic]} JIOHaTOK, M.OJK- 

ho npncTynHTb k ycTaHOBKe CTaKaHOB. npn otom TaKHce 
npoBepniOT JierKocTb xoAa JionaTKH, noBopannBan ee 
BpynHyio c nomoiAbio cneAnajibHoro Kjnona, HaAeBae- 
Moro Ha nepo hjih Aancjjy jionaTKH. 

no OKOHnaHHH ycTaHOBKH CTaKaHOB H cfiopKH 
ynJIOTHHTeJIbHbIX yCTpOHCTB np OH3B 0 AHT c6opKy Me- 
xaHH3MOB noBOpOTa JionaTOK. Pbiuarn mohcho HaACTb 
eiAe ao oriycKairan KpbiuiKH fh ApOTy p 6hhbi Ha Mecro, 


between the crown plate and the distributor ring, the 
butt end clearances should be brought up to normal 
dimensions. It can be made using one of the following 
methods: by turning down all the vanes or a part 
of vanes, by placing steel shims of adequate thickness 
under the crown plate flange, by building up metal 
on the butt ends of all the vanes or of a part of them 
and subsequent machining of built-up butt ends, or 
by placing steel shims under the seat flange of the 
distributor ring. 

After all the components of the wicket gate are 
checked and brought to the desired condition, the 
erection of the wicket gate may be commenced. The 
erection begins with placing the lower stems of all 
the vanes into the bushes on the distributor ring 
(Fig. 57). In the action, the stems should be checked 
for easy rotation in the bushes by rotating the vanes 
on the crane hook. This operation being completed the 
crown plate — in individual sections or as a whole — 
is to be placed onto its seat. The centre line marks on 
the crown plate should be aligned with the marks on 
the stay ring (Fig. 58). 

In order to speed up the crown plate centring it 
is recommended to install it with five or six bushes 
fixed on it. The bushes being fit on the vane stems 
will give the accurate direction to the crown plate. 
As soon as the crown plate is aligned in respect to 
the centre lines and the vane stems, the sleeves may 
be installed. The vanes are to be also checked for easy 
rotation by hand with the help of a special wrench 
put onto the vane blade or stem. 

After the sleeves are installed and the seals assem¬ 
bled, the blade operating mechanism is to be assembled. 
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Phc. 58. YcTaHOBKa h ijeHTpHpoBaHHe BepxHero KOJi&ua nanpaBjimo- 
mero annapaTa 

Fig. 58. Assembly and alignment of wicket gate crown plate 


Phc. 59. ilpicaocoo.rieHTie Ami nacaAKH h c^eMa ptnxaroB nanpjiBJitfio- 

mere annapaTa: 

a — pjunui±u; f — ulu-h^hh 

Fig. 59. Wicket gate lever puller: 

u — lt!vnr removal l P-—IliUujg 



ho see ocTaJibHBie ojieAieHTbi 9 toh KmieAiaTHuecKOH 
AenH npHxoAHTCH codnpaTB y>Ke nocjie ycTaHOBKH h 
A eHTpHpOBaHHH KpBiuiKH ra Ap OTy p 6 hhbi Ha ee MeCTe. 
YcTaHOBKa pbiuaroB Ha AancJjbi (a Taioice chhthc pbi- 
naroB c hhx b cjiyuae HaAodHOCTH) npoH3BOAHTCH c 
ttomo tttb to cneAnajiBHoro npncnocofijieHHH (pnc. 59). 

OHKCHpOBaHHe, HJIH, KaK npHHHTO FOBOpHTB, Bbl- 
BeuiHBaHHe BbicoTHoro nono>KeHHH JionaTOK c odecne- 
neHHeM odycjiOBJieHHbix npoeKTOM TOpAOBbIX 3a30p0B 
no JionaTKaM npOH3BOAHTCH c noMoiA^io cneAHajiBHbix 
Sojitob, onnpaioiAHxcH cbohmh rojiOBKaMH uepe3 Ta¬ 
pe JiKy Ha crynHAy pbinara. KorAa hx BBepTbiBaiOT b 
pe3b6oBoe OTBepcTHe Ha A^ncjje JionaTKH, ohh noATH- 
rHBaioT jionaTKy BBepx. T TTo6bi npeAOTBpaTHTL noBOpOT 
pbiuaroB Ha ijancjjax, jionaTKH nocjie BbiBeniHBaHHH Ha 
6ojiTax pacKpenjiHiOT k A^n^jaM c noMontbio npH3Ma- 
THnecKHx hjih Kpyrjibix pasbeMHbix uhiohok, n03B0- 
jihioiahx npH 3anpeccoBKe oSecnenHTb HeKOTOpbiii 
Harar b nocaAKe. IIInoHKH y CTaHaB jihb aioT h c{)hkch- 
pyiOT TaK, HTodbi hx njiocKOCTB pa3beMa npoxoAHJia 
nepe3 paAHyc Aantf)bi JionaTKH. 

Ilocjie BbiBeniHBaHHH h peryjinpoBKH topaobbix 
3a3opoB npOBepmoT, a no Mepe HaAobHocTH h noAro- 
hhiot conpHKacaioiAHecH BepTHKajibHbie njiocKocTH 
Bcex rpaHHuaiAHX Apyr c ApyroM JionaTOK. Ecjih npn 
9TOM o6Hapy>KaTCH AO(J)OKTbI 3aBOACKOrO H3rOTOBJieHHH, 


The levers may be installed before the turbine head- 
cover is placed but all the other elements of this kine¬ 
matic arrangement are to be assembled after the tur¬ 
bine headcover is placed and centred. The levers are 
to be placed on the stems or removed from them (in 
case of necessity) with the help of a special puller 
(Fig. 59). 

Elevation of the vanes providing for their specified 
end clearances is fixed with the help of special bolts 
resting with their heads through plates on the lever 
hub. These bolts pull the vane upwards when being 
screwed into the threaded hole in the stem. In order 
to prevent turning of levers on stems, the vanes eleva¬ 
ted on the bolts are fixed to the stems with the help 
of prismatic or round split keys which enable some 
interference fit. The keys are positioned and fixed 
so that their plane of joint passes through the radius 
of the vane stem. 

After the vanes are fixed in elevation and their 
end clearances are adjusted, the vertical surfaces of 
all the vanes to be in contact with each other shall 
be checked and fitted together, if required. All Manu¬ 
facturer’s imperfections (if revealed) are to be elimi¬ 
nated. Large projections preventing tight contact are 


127 
























































































Phc. 60. OSujira bha c6opKH 
HanpaBJiHK)LU,ero annapaTa c 
ycTaHOBKOH pbmaroB flo onyc- 
KaHHH pa6oqero KOJieca 


Fig. 60. General view of wicket 
gate installation with levers 
fitted before runner lowering 




to hx HcnpaBjiHioT. BojiLiiiHe BbiCTynbi, npenHTCTByio- 
mne miOTHOMy npHJieraHHK), cpySaioT h 3auiJiH(J)OBi>i- 
BaiOT IUJIH(|)OBaJlbHOH MaiUHHKOH, a B MeCTaX 60 JH.UIHX 
Biia.'iHH .lejiaiOT HaiuiaBKy h noc.Meyyiomyio mjin(|)OBKy 
MeTajiJia. 06 iahh coOpaHHBix JionaTOK c ptraaraMH 
nona3aH Ha pnc. 60. 

Kan tojibko Bee nepeqHCJieHHbie paSoTti Sy^yx 
3 aKOHHeHbi, a padouee KOJieco h KpBiuiKa rHApOTyp- 
6nHbi c peryjiHpyiomHM kojibaom ycTaHOBJieHbi Ha 
Meero, MO>KHO npHCTynaTb k ycTaHOBKe cepBOMOTopoB 
HanpaBJiHiomero annapaTa h cocahhchhio ocraJiBHBix 
3BeHbeB KHHeMaxHHecKon nenn MexaHH3M0B noBopoTa 
JionaTOK. CepBOMOTopbi nanpaBjiHiontero annapaTa, 
BxoAHUfHe b KOivnuieKT rHApoTyp6nHbi, ycTaHaBJin- 
BaiOT jih6o b ocoObix inaxTax, pacnoJio>KeHHbix Ha 
nepHMeTpe KpaTepa, jih6o Henocpe actb eHHO Ha KpbiuiKe 
THflpoTypOHHbi. B TOM h ApyroM Cjiynanx k ycTaHOBKe 
cepBOMOTOpOB npeA'bHBJimoTCH noBbiuieHHbie Tpe6o- 
BaHHH b nacTH coOjnoAeHHH nojioHceHHH ocen hx uito- 
kob b njiaHe n no bbicotc. 

IlepeA coeAHHeHHeM 3aMbiKaiomHx 3BeHbeB Kirae- 
MaranecKOH itenn MexaHH3Ma noBopoTa JionaTOK peno- 
MeHAycTCH Bee JionaTKH 3aKpbiTb h no bo3mo>khocth 
CTHH yTB XOMyTOM HJIH TpOCOM. 3aTeM cjieAyeT nOCTa- 
BHTL CepBOMOTopbi Ha 3aKpbiTHe AO ynopa (Ha CTonop), 
nocjie nero mo>kho npncTynHTb k npncoeAHneHHio 
ceper k pbinaraM h peryiinpyioineMy KOJiBAy. Hepery- 
jinpyeMbie jiomkhc ceptm yeraHaBJiHBaiOTCH 6e3 pery- 
jinpoBKH corjiacHO MapKHpoBKe, a peryjinpyeMbie — c 


to be chiselled and ground with a grinding tool, and 
large cavities are to be welded up and ground. The 
general view of guide vanes assembled with levers is 
shown in Fig. 60. 

On completion of all the above-listed operations 
and erection of the runner and the turbine headcover 
with the shifting ring in position the wicket gate servo¬ 
motors can be mounted and the remaining elements 
of the kinematic arrangement of the blade-operating 
mechanism connected. The wicket gate servomotors 
supplied complete with the hydraulic turbine are in¬ 
stalled either in special wells arranged along the peri¬ 
meter of the turbine pit or directly on the turbine 
headcover. In either case, more stringent demands are 
imposed on the accurate installation of the servomotor 
reach rods in the vertical and horizontal position. 

Prior to connecting the closing links of the blade- 
operating mechanism kinematic arrangement it is advi¬ 
sable to close all the guide vanes and, if possible, to 
constrict them with a cable or a stirrup. Then the 
servomotors should be set for closure as far as they 
will go (up to the stop), whereupon the links may 
be connected to the levers and to the shifting ring. 
The non-controlled breakable links are installed against 
marks without adjustment and the controlled links 
must be previously adjusted for design length and then 
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npeABapHTeJibHOH ycraHOBKOH npoeKTHOH A-mmbi ee 
h oKOHnaTeJiLHOH peryjiHpoBKOH AmiHbi no MecTy. 
n P H coeAHHeHHH tht cepBOMOTopoB c peryjinpyioiAHM 
kojibaom cjieAycr odpamaTb BHHMaHHe Ha to, hto6bi 
ohh Jierno h 6e3 nepenocoB bxoahjih b npoyuiHHbi 

KOJibua. 

IIpe>KAe ueM npncTynHTB k npoBepne achctbhh 
KHHeMaTHuecKOH Aenn HanpaBJiHiomero annapaTa, He- 
oSxoahmo pacKpenHTb raiiKH Ha peryjinpyeMbix cepb- 
rax, 3 a(|)HKCHpoBaB tukhm o6pa30M hx onpeAejieHHyio 
AJiray. KpoMe Toro, Ha KancAOM KaMHe h Ha ku>kaoh 
ceptre AOJi>KHbi 6bitl HaHeceHbi coBMecTHbie phckh . 

IIpoBepKa AencTBHH HanpaBJiHiomero annapaTa cbo- 
Ahtch k cJieAyiomeMy : HanpaBJiHiomnn annapaT chh- 
MaiOT co cTonopa, a JionaTKH ocBo6o>KAaiOT ot xoMyTa. 
3aTeM b CepBOMOTopbi noAaioT Macjio noA a^bjichhcm 
H npOBepHIOT ACHCTBHe Bcex MexaHH3M0B Ha 3aKpbITHe 
h oTKpbiTHe HanpaBJiHiomero annapaTa c onpeAeJie- 
HHeM MHHHMajibHoro AaBJieHHH Macjia, obecneuHBaio- 
merO 3 TH AeHCTBHH. IIpOBepeHHOMy TaKHM o6pa30M 
HanpaBJiHiomeMy annapaTy b 3aBepmeHne Bcero C03- 
AaioT odycjiOBJieHHbiH npoeKTOM Harnr. 

H a t h r 0 m HanpaBJiHiomero annapaTa Ha3biBaiOT 
BejiHHHHy oceBoro ABH>KeHHH nopmHH cepBOMOTopa Ha 
3aKpbirae b 30He 3aKpbiToro HanpaBJiHiomero annapaTa. 
npn 3tom abh>kchhh nopmHH Bee ycHJiHH ot Hero 
pacxoAyioTCH Ha ynpyrne Ae(|)opMaAHH Been KHHeMaTH- 
qecKOH Aenn ot cepBOMOTopa ao JionaTOK HanpaBJiHio¬ 
mero annapaTa. BejiHHHHa 3aAaBaeMoro npoeKTOM Ha- 
Tnra oSbiHHo HaxoAHTCH b npeAejiax 4—8 mm h pery- 
jiHpyeTCH cjieAyioiAHM o6pa30M: CMOHTHpOBaHHbiH Han- 
paBJiHiomHH annapaT 3aKpbiBaiOT c noMomtio cepBOMO- 
TopoB, HaxoAHiAHxcn noA A^BJieHHeM Macjia. 3aTeM 
nojiHocTBio CHHMaioT AaBjieHHe Macjia h h 3 mchhiot 
AJiHHy thth Ha BeJiHHHHy, odecneuHBaiomyio C03AaHHe 
3aAaHHoro npoeKTOM HaTHra. jfjiHiiy thth cepBOMOTO- 
poB H3MeHHioT c noMoiAbio raeK, HaxoAHumxcH Ha 
AByx KOHAax pa3pe3aHHOH no cepeAHHe thth, npnneM 
raHKH p aCKOHTpHB aiOT 3aTeM UITH(|)TaMH HJIH KaKHM- 
jih6o ApyrHM cnocoboM. 

B HanpaBjiHiom^x annapaTax c pe3HHOBbiMH ynjiOT- 
HeHHHMH JionaTOK noAroHKa JionaTOK h Harar RomKHbi 
oSecnenHBaTb njioraoe h paBHOMepHoe oSncaTHe pe3HHbi 
6e3 3a3opoB npn HaxoAnmeMCH Ha cronope cepBOMo- 
TOpe. IIpH 3TOM BepTHKaJIbHbie 3a30pbl Me>KAy MeTaJI- 
JIHHeCKHMH nOBepXHOCTHMH CMOKHbIX JionaTOK npn 
3a>KaTon pe3HHe aojijkhbi iiaxoAHTtca b npeAejiax 
0,5—0,8 mm. ^Ttq KacaeTCH sepTHKajibHbix 3a3opoB 
Me>KAy CMe>KHbIMH JIOnaTKaMH, He HMeiOm^MH pe3HIIO- 
Bbix ynjiOTHeHHH, to b 3aKpbiTOM nojiOHceHHH HanpaB¬ 
JiHiomero annapaTa h npn chhtom c cepBOMOTopoB 

AaBJieHHH OHH MOryT 6bITb TOJIbKO MeCTHbIMH H BeJIH- 

uhhoh He 6ojiee: 


finally adjusted for length in situ. In connecting the 
servomotors rods with the shifting ring care must 
be taken to ensure that the rods fit into the ring eyes 
with ease and without misalignment. 

Prior to checking the functioning of the wicket 
gate kinematics, nuts on the controlled links are to 
be fastened so as to fix their definite length. Besides, 
matching marks are to be made on each slide block 
and on each link. 

The check of the wicket gate functioning consists 
in the following: the wicket gate stop is released and 
the stirrup (or cable) is removed from the vanes. Then 
oil is supplied under pressure into the servomotors 
and all the mechanisms are checked for the wicket 
gate closure and opening; in the action, the minimum 
oil pressure required for these functions is determined. 
On completion of the wicket gate check, the wicket 
gate is given a negative allowance stipulated in the 
turbine design. 

The negative allowance of a wicket 
gate is the amount of axial movement of the servomotor 
piston for closure when the wicket gate is already 
closed. All forces resulting from this movement of 
the piston are consumed in elastic deformation of 
the entire kinematic arrangement from the servomotor 
to the wicket gates. The negative allowance stipulated 
by the design ranges usually from 4 to 8 mm and is 
adjusted as follows: the assembled wicket gate is 
closed with the help of servomotors to which oil is 
supplied under pressure. Then the oil pressure is relie¬ 
ved completely and the length of the rod is corrected 
for the value which provides for the design negative 
allowance. The length of the servomotor reach rod is 
corrected with the help of nuts at both ends of the rod 
split in its middle, these nuts being locked with the 
help of pins or in any other way. 

In wicket gates with rubber seals, the vanes should 
be fitted and negative allowance adjusted so as to 
provide for tight and uniform compression of rubber 
seals without clearances while the servomotor is at 
stop. Vertical clearances between steel surfaces of 
adjacent vanes, with rubber seals compressed, should 
be within, the limits from 0.5 to 0.8 mm. As for vertical 
clearances between adjacent vanes without rubber seals, 
they may be allowed only at some points with the 
wicket gate in the closed position and oil pressure in 
the servomotors relieved, their values being no more 
than those given below. 


BbicoTa 

JionaTOK, 


MM. 

.. . A 0 500 500- 

1000- 

1500- 

3a3op, 

1000 

1500 

2000 

MM. 

0 

0 

to 

0 

0 

0,15 

0,25 


Vane 

height, 

2000- 3000- mm. Up to 

3000 4000 500 
Clearance, 

0,25 0,30 mm .0.05 


500 to 

1000 

to 1500 

to 2000 

to 3000 

1000 

1500 

2000 

3000 

4000 

0.10 

0.15 

0.25 

0.25 

0.30 
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Pug, 61. OopMyrop net efiopKy HanpasjmKJ- 
Vq&Q amtapu'ra 

Fig, 6J. Record Sheet of Wicket Gate 
IiiaUtflation 




Pa3Mep 

Size 

no MepTe>Ky 

Acc. to drw. 

<I>aKTHHeCKHH cpeflHHH 3a3op 

Actual average clearance 

OTKJioHeHne cpeflHero 3a3opa 

Deviation of average clearance 

JfonycTHMoe no TY 

Permissible acc. to specification 

6 





e 
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Phc. 62. IlepeHoc CTaTopa rHflpoTyp6HHbi, co6paHHoro Ha cSopouHon iuiomajiKe 
BMeCTe c HanpaBJiHioiitHM annapaTOM 

Fig. 62. Shifting of turbine stay ring assembled at assembly floor together with 
wicket gate 


06man AJiiraa scex MecTHbix 3a3opoB Me>Kny Ka>K- 
Aon napoii jionaTOK He mo>kct npeBbimaTb 20% ot 
BbICOTbl jionaTKH. 

HanpaBjiHiontHH annapaT #oji>KeH 6biti> co6paH 
Tan, hto6bi orpaHHHHBaioiqHe ynopbi ^oriycKajiu ot- 
KpbiTHe JionaTOK Ha npoeKTHyio BejiHUHHy c jjonycKOM 
Ha OTKJIOHeHHe ±5%. IlpH 3TOM BCJIHHHHa OTKpblTHH 
onpeAejineTcn nan cpe^Hee apntjjMeTHuecKoe saMepoB, 
npoH3Be,nieHHbix b Tpex ceueHHHx no BbicoTe MOKjty 
neTbipbMH napaMH JionaTOK, pacnojion<eHHbix no B3aHM- 
ho nepneHjjHKyjiHpHbiM ochm rn^poarperaTa. 

Ha cmohthpob aHHbifi y3en iianpaBJiHiontero arnia- 
paTa Hajto cociaBHTb cjjopMyjiHp, 3anecH b Hero ^aHHbie 
H3MepeHHH (phc. 61). KpOMe Toro, b nepnoji, npejjnycKO- 
BblX pa6oT CHHMaiOT XapaKTepHCTHKH 3aBHCHM0CTH OT¬ 
KpbITHH JionaTOK ot xojja nopmun cepBOMOTopa Han- 
paBJinioiitero annapaTa, a y noBopoTHO-jionacTHbix 
THApOTypOHH npH 3T0M TaK>Ke (J)HKCHpyiOT H nOJIO>Ke- 
Hue pa3BopoTa jionacreH paSonero KOJieca, o ueM 
6yAeT cna3aHo HH>Ke npn paccMOTp chhh nycKOBbix 
paSoT. 

B HeKOTopbix cjiynanx, Kor,n;a ra6apHTbi y3Jia Ha- 
ripaBJiHioiitero annapaTa cpaBHHTejibHo HeBejiHKH> ero 
mo>kho coGnpaTb BMecTe co craTopoM Ha cOoponHon 
njionta^Ke h TaKHM yKpymieHHbiM y3JiOM ycraHaBjiHBarb 
B KpaTep arperaTa (pHc. 62). Ilpn stom b KpaTepe 
npoH3Bo,a;HT TOJitKO coe^HHeHne pbinaroB nepes ceptra 
g peryjinpyioiqHM kojibijom, a nocjiejtHero — c TnraMH 
cepEorsoTopoB. 


The total length of all local clearances between 
each pair of vanes is not to exceed 20 per cent of the 
vane height. 

The wicket gate shall be assembled so that the limit 
stops admit the wicket gate opening through the rated 
value with ±5 per cent tolerance. In this case, the 
amount of opening is determined as an arithmetic 
mean of measurements at three horizontal sections 
over the vane height between four pairs of vanes 
located at the ends of mutually normal diameters of 
the hydropower unit. 

A record sheet is to be drawn up for the wicket 
gate assembly where data of measurements are to be 
written down (Fig. 61). Besides, during the debugging 
period vane opening versus servomotor piston stroke 
curves are to be plotted, and for adjustable-blade 
turbines the position of the runner blades is to be 
recorded (this will be considered in detail when describ¬ 
ing the debugging operations). 

In some cases, when the overall dimensions of the 
wicket gate assembly are comparatively small, it may 
be assembled together with the stay ring on the assembly 
bay and installed as an integral assembly into the tur¬ 
bine pit (Fig. 62). With this, the assembly operations 
in the turbine pit are reduced to the connection of 
levers via links to the shifting ring and the latter to 
the servomotor reach rods. 
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4-10. POTOPbl rHAPOTyPBHH 

A. KOHCTPyKIIHH M I1A3BA4EHHE 

PoTOp rHAp OTy p 6 hhbi , hb jihio iijhhch ysjiOM ee 
BpameHHH, coctoht H3 pafionero KOJieca h npHeoeAH- 
HeHHoro k HeMy SojrraMH Sana rHAP 0 Typ 6 HHbi. PoTop — 
rjiaBHbiH opraH b ripoijecce npeo6pa30BaHHH SHepran 
noTOKa boabi b MexaHHuecKyio, KOTopan, SyAynn nepe- 
AaHa THAporeHepaTopy, npeo6pa3yeTCH nocjieAHHM b 
ajieKTpH^ecKyio. 

IIpO^HOCTHbie CBOHCTBa pOTOpa TypSHHbl A°JI>KHbI 
6 mtb TaKHMHj htoObi oh He pa 3 pymajiCH He tojibko 
npn jiioSbix Harpy 3 Kax HopMajibHO ycraHOBHBiiierocH 
pe>KHMa paSoxbi, ho h npn KpaTKOBpeMeHHbix Harpy 3 - 
Kax, B bI 3 B aHHbIX KOpOTKHMH 3 aMbIKaHHHMH B reHe- 
paTOpe. 

B 3aBHCHMOCTH OT THIIOB, KOHCTpyKIJHH H pafiOHHX 
napaMeTpoB rHApoTypSHHbi OTAejibHbie cocTaBJinioiAHe 
pOTopoB (pa 6 oHHe KOJieca h Bajibi) MoryT hmctb pa 3 - 
JIHHHbie KOHCTpyKTHBHbie HCnOJIHeHHH, OCOSeHHOCTH 
KOTopbix 6 yAyT paccMOTpeHbi hhjkc. 

E. KOHC rpyiOIHB PAEO'IHX KOJIEC 
PAjEtBAJlkHOxO'CEDblX rHtfPOtWOTII 

Ot ra6apHTOB rn ap OTy p 6 hh h ycjiOBHH hx TpaHcnop- 
thpobkh k MecTaM ycTaHOBKH 3aBHCHT, 6yAyT jih pa6o- 
HHe KOJieca paAHajibHo-oceBbix raApOTyp 6 hh H3roTOB- 
jieHbi AejibHbiMH hjih c6opHbiMH. B nocjieAHeM cjiyuae 
hx cnpenjiHioT Ha Mecie MOHTax<a 6aHAa>KaMH, Hacanai- 
BaeMbiMH b ropnneM coctohhhh hjih c noMomtio 
3JieKTpOCBapKH. 

KoH(J)HrypaAHH pabounx KOJiec onpeAejimoTCH raas- 
HblM o6pa30M BeJIHHHHOH Hanopa, Ha KOTOpblH paCCHK- 
TaHa rHApoTyp 6 HHa. 

Ha pHc. 63 h 64 noKa 3 aHbi paSonne KOJieca thapo- 
TypSmi, pa 6 oTaionjHx cooTBeTCTBeHHO Ha cpeAHHx h 
BbicoKHx Hanopax. PaOonee KOJieco paAHajiBHo-oceBOH 
THApoTypSHHbi jiioSoro Hanopa coctoht H3 BepxHero 
h HH>KHero o 6 oaob h pacnojio>KeHHbix Me>KAy sthmh 


4-10, HYDRAULIC TURBINE ROTORS 

A. MECHANICAL DESIGN AND PURPOSE 

The rotor is a rotating part of the turbine and 
consists of a runner and a turbine shaft bolted up 
to it. The turbine rotor is the principal member in the 
process of conversion of the water flow energy into 
mechanical rotation that is converted into electric 
power by the generator. 

The turbine rotor must be strong enough to sustain 
any loads under normal steady state conditions and, 
besides, shorttime overloads due to short circuits on 
the generator. 

Depending on the type, mechanical design, and 
performance characteristics of the hydraulic turbine, 
individual members of the rotors (runners and shafts) 
may be of various modifications which are described 
below. 

B. RUNNERS OF RADIAL-AXIAL TURBINES 

Overall dimensions of hydraulic turbines and condi¬ 
tions of their transportation to the installation site 
dictate whether the runner of the radial-axial turbine 
will be made as an integral unit or it will be sectionali- 
zed. In the latter case, the elements of the runner are 
secured at the installation site by bands which are 
shrunk while hot or welded up. 

The configuration of runners is governed mainly 
by the rated head of the turbine. 

Fig. 63 and 64 show turbine runners rated for 
medium and high heads, respectively. The runner of 
a radial-axial hydraulic turbine consists of the upper 
and lower rims and blades positioned between these 



Phc. 63. PaGo^ee KOJieco pa^najibHo-oceBoS rHflpoTypSHHbi 
cpeAHero Hanopa: 

1 — BepxHHH odoji; 2 — Jionacxb ; 3 — yruioruHTejibHoe kojimjo ; 4 — 
HH3KHHH o6ofl 

Fig. 63. Runner of radial-axial hydraulic turbine of average 
head: 

1 — upper rim; 2 — blade; 3 — sealing ring; 4 — lower rim 



Phc. 64. PaSouee KOJieco pa^HajiLHo-oceBou rHApoTyp6nHbi 
BbicoKoro Hanopa 

Fig. 64. Runner of radial-axial hydraulic turbine of high 
head 


o 6 onaMH jionacTen, HMeiomnx H3orHyryio oSTenaeMyio 
(J)opMy. Bee sto npeACTaBJineT co 6 oh jih 6 o acjibhojih- 
Tyio KOHcxpyKAHio, jih 6 o Tanyio KOHCTpyKipno, Jiona- 
CTH KOTOpofi, OTJIHTbie OTACJIbHO, y CTaHaB JIHB aiOTCH 

3 aTeM b (JiopMy h 3 ajiHBaioTCH MeTajuioM npn otjihbkc 
paOonero KOJieca. 

B nocjieAHee BpeMH CTajiH npHMeimTbCH jiHTOuiTaM- 
nOBaHHBie CBapHbie KOHCTpyKIJHH, B KOTOpbIX KOJieco 
CBapHB aeTCH H 3 OTAejitHbix jihtbix h uiTaMnoBaHHbix 
ajieMeHTOB, a 3 aTeM noABepraeTcn TepMHuecKOH h Me- 
xaHHHecKOH o 6 pa 6 oTKe. 

CBapHbie paSoHHe KOJieca oSjianaiOT jiyuuiHMH skc- 
njiyaTanHOHHbiMH h SHeprerHuecKHMH KanecTB aMH, TaK 
KaK b hhx TOHHee BbiAep>KHBaiOTCH reoMeTpHHecKHe 
pa 3 Mepbi pacnojiojKeHHH JionacTen. Ha BepxHHH o 6 oa, 
a B HeKOTOpbIX KOHCTpyKAHHX H Ha HHJKHHH Haca>KH- 
BaiOT ynJiOTHHTejibHbie KOJitna (cm. pnc. 63) c rjiaAKOH 
hjih rpeSeHuaTOH noBepxHocTbio, npnueM Me>KAy sthmh 
ynjiOTHHTejibHbiMH KOJibnaMH h conpnraioinHMHCH c 
HHMH KOJIbAaMH Ha CTaTOpe H KpblUIKe THApOTypSHHbl 
o 6 pa 3 yeTCH HeSojiBiiiOH 3 a 3 op. B otom 3a3ope npn 
paSoTe rHAP 0 Typ 6 nHbi ApoccejmpyeTcn boas, hto npe- 
Aynpe>KAaeT npoTeuKH ee mhmo jionacreH paSonero 
KOJieca h TeM caMbiM yMeHbmaeT norepH. Hajinune Ha 
KOJibitax rpe 6 enuaTOH noBepxHocTH yjiyuiuaeT sth apoc- 
cejinpyiontHe CBOHCTBa, ho 3aTO ycKopneT H3HOC ynjioT- 
HHTeJibHoro KOJibna. 

B KOHyce BepxHero 060 Aa paSonero KOJieca ACJiaioT 
pa 3 rpy 30 HHbie OTBepcra h, coeAHHHiomHe nojiocTH HaA 
paGoHHM KOJiecoM h noA hhm, hto cnocoScTByeT BbipaB- 
HHBaHHK) AaBJieHHH B 3 THX nOJIOCTHX H yMeHBUieHHIO 
oceBoro a^bjichkh Ha pa 6 ouee KOJieco. 

C qejlbio yBeJIHHeHHH H 3 HOCOyCTOHHHBOCTH npOTH- 
BOKaBHTaitHOHHOH CTOHKOCTH paSoHHX KOJiec B HeKOTO¬ 
pbIX KOHCTpyKAHHx Ha noBepxHocTb hx jionacTeH h 
o 6 oaob HanjiaBjimoT c noMOinbio 3 JieKTpocBapi<H cjioh 
jiernp ob aHHOH crajm hjih A^JiaiOT to h Apyroe H 3 
Hep>KaBeioineH CTajiH. 


KOHCTPyKipiJl PAJSOMMX KOJIEC 
IIOBOPOTIIO-JIOnACTHEIX THflPOTyPEHH 

PaSoHHe KOJieca noBopoTHo-JionacTHbix rHApoTyp- 
6 HH HMeiOT HeCKOJIBKO KOHCTpyKTHBHbIX HCnOJIH 6 HHH, 
OTJIHHaiOmHXCH Apyr OT Apyra BTyJIOHHbIM OTHOUieHHeM, 
hhcjiom JionacTen, KOHCTpyKitHen MexaHH 3 Ma noBopoTa, 
cnocoSoM ynjioTHeHHH JionacTeH h HeKOTopbiMH APy* 
THMH OCoSeHHOCTHMH. 

BTyjiOHHoe OTHomeHne ecTB OTHome- 
Hne A^aMeTpa cchepHuecKOH uacra BTyjiKH padouero 
KOJieca k A^aMeTpy, 3 aMepeHH 0 My no jionacTHM. 3 to 
OTH omeHne — BecbMa Ba>KHbiH SHepreTHuecKHH noKa- 
3 aTejib, TaK KaK MencAy ero BejiHUHHOH h nponycKHoii 
cnocodHOCTtio padouero KOJieca cytqecTByeT odparaan 
3 aBHCHM 0 CTB: c yMeHBHieHHeM OTHomeiiHH nponycKHan 
CnOCOdHOCTB yBeJIHHHBaeTCH H HaodopOT. 

COBpeMeHHbie KOHCTpyKItHH THApOTypdHH HMeiOT 
BejiHHHHy BTyjiOHHoro OTHomeHHH D C ^ID 1 — 0,4“0,35, 


rims. The blades are cambered and streamlined in 
shape. The runner is either an all-cast construction or 
the blades are cast separately and then installed into 
a mould and cast integral with the runner. 

Recently cast-and-stamped fabricated constructions 
have come into use. The runner is welded of cast and 
stamped elements and then is subjected to thermal 
treatment and machining. 

Welded runners possess better service and power 
properties since the geometrical dimensions in the 
arrangement of the runner blades are held within more 
accurate limits. Sealing rings (Fig. 63) are fit on the 
upper rim (and in some makes — on the lower rim 
too), these sealing rings having a smooth or comb¬ 
shaped surface. A small clearance is formed between 
the sealing rings and the rings adjoining them on the 
turbine stay ring and headcover. This clearance throttles 
water thus preventing water leakage past the runner 
blades and reducing losses. The comb-shaped surface 
of sealing rings improves throttling properties of the 
rings but increases their wear. 

In the cone of the runner upper rim relief holes 
are made to provide communication between the space 
above the runner and the space under the runner 
thus equalizing pressures in these spaces and reducing 
the axial thrust onto the runner. 

In order to increase wear resistance and resistance 
to cavitation, the surface of the runner blades and rims 
is either built-up in some constructions with alloy 
steel welding or the blades and rims are made of stain¬ 
less steel. 

c. runners of adJUSTABLE-BLade 
TURBINES 

The runners of adjustable-blade turbines are avai¬ 
lable of several types differing in the hub-runner ratio, 
number of blades, design of the blade-operating mecha¬ 
nism, method of blade sealing, and some other features. 

The hub-runner ratio is the ratio of 
the diameter of the runner hub barrel to the runner 
diameter as measured over the blades. This ratio is a 
very important power characteristic, as it is inversely 
proportional to the runner discharge capacity: the 
less the ratio, the higher is the discharge capacity, and 
vice versa. 

The hub-runner ratio for modern hydraulic turbines 
is Dh/D 1 = 0.4 to 0.35, where D b is the diameter of 
the barrel and D x is the diameter over the runner 
blades. 
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Phc. 65. Pa3pe3 no paSoneMy KOJiecy noBopoTHo-JionacTHOH 
TypoHHbi c KpecTOBHHOH b nepeflaqe ot cepBOMOTOpa k Jiona- 
ctbm: 

1 — KOHyc; 2 — ranna npoyuiHHbi; 3 — KpecxoBHHa; 4 — Kopnyc btvjikh ; 
5 — npoymHHa; 6 — pbiuar; 7 — jionacTt.; 8 — npoflua; 9 — 6ojit jionacTH; 
10 — BTyjiKa onopHO-ynopnaH; 11 — ofljiimoBKa Kopnyca; 12 —6ojit; 

13 — (JjJiaHei; Bajia, 3ajvieHHioimiH KpbiniKy; 14 — iirraHra paSoucro KOJieca; 
15 — TpySna, oxBOflHinan Macjio H3 Kopnyca BxyjiKH; 16 — hitok cepBOMOTOpa; 
17 —uinoHKa ijHJiHHApHnecKaH; 18 — raima inxoKa; 19 — nopmeHb cepBo- 
Moxopa; 20 — BxyjiKa inxoKa; 21 — mnoHKa Jionacxn h pbiuara; 22 — BHy- 
TpeHHHB BxyjiKa pancjjbi; 23 — cepbra; 24 — cnycKHOH KJianaH ajih Macna 

Fig. 65. Section through runner of adjustable-blade hydraulic 
turbine with bracket in transmission between servomotor and 
blades: 

1 — cone; 2 — pinhole nut; 3 — bracket; 4 — hub body; 5 — pinhole; 6 — lever; 
7 — blade; 8 — plug; 9 — blade bolt; 10 — support bush; 11 — runner hub 
lining; 12 — bolt; 13 — shaft flange serving as a cover; 14 — runner operating 
rod; 15 — pipe draining oil from hub; 16 — servomotor reach rod; 17 — cylin¬ 
drical key; 18 — reach rod nut; 19 — servomotor piston; 20 — reach rod bush; 
21 — blade and lever key; 22 — inner bush of stem; 23 — link; 24 — oil drain 
valve 


ryje D c $ — AnaMeTp c^epn^ecKOH qacm; —AHa- 
MeTp no jionacTHM. 

H h c ji o jionacTen 33BHCHT ot BejiHHHHBi 
Hanopa, Ha KOToptm paccmiTana pafloTa TypflHHbi, h 
o6bihho cocTaBjineT ot 4 a° 8, npuneivt flojimiee hhcjio 
nonacTeH ycraHaBJiHBaeTCH Ha paflounx KOJiecax raApo- 
Typflmi, paccHHTaHHbix Ha pa6oTy npn Sojiee bbicokhx 
H anopax. JionacTH H 3 roTaBJiHBaiOTCH jih6o H3 Hepnca- 
BeionteH crajin, jih6o H3 yraepOAHCTOH crajin, o6jih- 
AOBaHHOH c noBepxHocTH HepHcaBeiouten crajibio. OSjih- 
HOBKa noBBimaeT ycTOHHHBOCTb jionacTen nporaB pa3- 
pymeHHH, Bbi3biBaeMbix KaBHTaitneH. 06jiHijoBbiBaioT 
noBepxHocTH JionacreH nyTeM npHBapKH k hhm HeflojiB- 
hihx nojiocoK H3 Hep>KaBeiom;eH crajin, AonojiHHTejibHO 
3ai<penjiHeMbix ente 3JieKTp03aKJienKaMH. 

CjieAyeT 3aMexHTb, hto Tanon cnoco6 o6jihaobi<h 
HeflocTaTOHHO na^OKeH, Tan KaK B3AyTHH Me>KAy 
3jieKTp 03 anJienKaMH h CBapHbiM ihbom, o6pa3yiontHecH 
Ha nojiocKax nocjie CBapirn, cnocoflcTByiOT hx oTpbiBy 
npn nyjibcaitHH, Bbi3bmaeM0H nepeMeHoii AaBJiemm. 

Bojiee Ha^oKHbiMH cnocoSaMH ofljiHAeBaHHH Jiona- 
CTeii cjioeM Hep>KaBeioiijeH cTajiH hbjihiotch HanjiaBKa 

HJIH o6jIHtteBaHHe JIHCTaMH MCTOAOM B3pbIBa, KOTOpblH 
3a nocneAHee BpeMH craji uinpOKO npHMeHHXbcn. 

npo4)Hjib nepa JionacTH HMeeT o6Tei<aeMyfo c[)opMy, 
npnneM no ycjioBHHM nponnocxH ceuemie yMeHmiaeTCH 
ot nepH(J>epHH k nopnycy. OSTonna nepa no HapyncHOMy 
AHaMeTpy npoH3BOAHTCH Ha KapycejibHOM CTaHKe Heno- 
cpeACTBeHHo Ha BTynne hjih >Ke Ha cnennajibHOM npn- 
cnoco6jieHHH, npe^cTaBJiniouteM co6oh Jio>KHyio BTyjiKy. 

MexaHH3M noBopoTa JionacTeii co- 
ctoht H3 cepBOMOTOpa, npeACTaBJimoiAero coflofi abh- 
raTejib, h pbina>KHOH CHCTeMbi, coeAHHHiomen nopmeHb 


The number of blades depends on the 
rated head and ranges usually from 4 to 8, the greater 
number of blades being installed on runners rated at 
higher heads. The blades are made either of stainless 
steel or of carbon steel lined with stainless steel. This 
linking increases resistance of blades to cavitation. The 
blade surfaces are lined by welding small stainless 
steel strips to them, these strips being additionally 
fixed with the help of plug welds. 

It should be noted that this type of lining is not 
sufficiently reliable because blisters between the plug 
welds and the weld joints formed on steel strips after 
welding may cause separation of strips at pulsations 
resulting from pressure variations. 

A more reliable method of lining blades with 
stainless steel is by building up or blast-welding of 
stainless steel sheets. The latter method has found 
wide application in the last few years. 

The blade cross-section is of streamlined form. 
Proceeding from the blade strength considerations the 
cross-section is reduced from the blade periphery 
towards the hub. The blade is machined over its outer 
diameter on a vertical turning lathe, directly on the 
runner hub or on a special device imitating the hub. 

The blade-operating mechanism 
consists of a servomotor and levers connecting the 
servomotor piston with cranks arranged on the stems 
of the runner blades. Such a connection provides for 


cepBOMOTOpa c KpHBomnnaMH, pacnojio>KeHHbiMH Ha 
rjantjpax jionacTen. Tanoe coeAHHeHHe npH ABmKemm 
nopuiHH cepBOMOTOpa odecneuHBaeT noBopoT JionacreH 
padouero KOJieca Ha yroji, oSycjioBjiHBaeMbin npn 
AaHHOM Hanope bcjihuhiioh otkpbithh nanpaBjimomero 
annapaTa. B padounx KOJiecax KpecTOBHHHoro BapnaHTa 
(pHC. 65) noBopoT JionacTeft np0H3B0 ahtch cjieAyio- 
ujhm odpa30M: H3 MacjiOHanopHOH ycraHOBKH uepe3 
30 JX 0 THHK KOMdHHaTOpa, COOTBeTCTByK)H^He nOJIOCTH B 
iHTaHre, pacnojio>KeHHOH BHyTpH Bana arperaTa, h 
paAHaJibHbie cBepjieHHH b uiTOKe 16 cepBOMOTOpa Macjio 
hoa A^BJieHHeM nocTynaeT nonepeMeHHO to b nojxocTb 
cepBOMOTOpa noA nopnineM 79, to b nonocTB HaA hhm. 
IIopmeHL cepBOMOTOpa no a ACHCTBHeM a^bjichhh Macna, 
nepeABHrancb BBepx hjih bhh3, cooTBeTCTBeHHo nepe- 
MeiAaeT >i<ecTKO h njiOTHo CKpenjieHHbiH c hhm ihtok 
16, Ho nocKOJibKy nocjieAHHH >Kec r rKO coeAHHeH c 
KpecTOBHHOH 5, to, nepeMemaHCb baojib och, oh yBJie- 
KaeT 3Ty KpecTOBHHy 3 a co6oh. KpecTOBHHa 3 npn 
CBoeM oceBOM ABHHceHHH nepe3 npoyuiHHbi 5, cepbra 
23 h SKcqeHTpHHHo pacnojio>KeHHbie Ha pbiuarax 6 
najibAbi noBOpauHBaeT b HanpaBJimomHx 6p0H30Bbix 
BTyjinax 22 Aan(J)bi JionacTeii h caMH JionacTH 7. IIpH 
ABH>KeHHH nopmHH cepBOMOTOpa BBepx JionacTH pa6o- 
uero KOJieca hat t Ha 3aKpbiTHe, T.e. ycTaHaB jihb aioTCH 
Ha MeHbiHHH yroji, a npn abh>kchhh nopuiHH bhh3 
npoHcxoAHT odpaTHoe hb JieHHe. 

CMa3Ka MexaHH3Ma noBopoTa jionacTen b padouHx 
KOJiecax TaKOH KOHCTpyKAHH npOH3BOAHTCH 3a cueT 
npoTeueK Macjia, 3anojiHHioiqero Kopnyc padouero 
KOJieca h OTBOAHMoro uepe3 Tpydny 15 h neHTpajibHoe 
oTBepcrae b Bajiy b m ac ji 0 np h eMiin k , pacnojiaraeMbin 
odbiHHO Ha Bepxy arperaTa hjih >kc bo (JpjiaHijeBOM 
COeAHHeHHH BaJlOB. IIpOTeHKaM MaCJia H3 BTyJIKH b 
MecTax conpH>KeHHH ee c JionacTHMH npenaxcTByiOT 
HMeioiAHecH b stom conpH>KeHHH cneAHajibHbie ynjiOT- 
HeHHH, KOHCTpyKAHIO KOTOpbIX Mbl paCCMOTpHM HH>Ke. 

B padoHHx KOJiecax decKpecTOBHHHoro BapnaHTa 
(pHC, 66—68) Macjio noAaeTCH hoa AaBjieHHeM b Ty 
hjih HHyio nojiocTH cepBOMOTOpa cnocodoM, aHajioran- 
HbiM pa3odpaHHOMy Bbime. noBopoT JionacTeii ocy- 
meCTBJIHeTCH B03AeHCTBHeM nopiHHH cepBOMOTOpa Ha 
KpHBoniHnHbie KOJibija pbinaroB Henocpe actb eHHo nepe3 
cepbra h npoyniHHbi, MHiiyn ihtok h KpecTOBHHy, 
Tan KaK nocjieAHHe b sthx KOHCTpyKAHnx padouHx 
KOJieC OTCyTCTByiOT. 

YnjiOTHeHHH JionacreH padounx KOJiec noBopoTHo- 
JionacTHbix raApOTyp 6hh npeAOTBpamaiOT nonaAaHHe 
boabi bo BTyjiKy padonero KOJieca h yTenny Macjia H3 
BTyJIKH B HHHCHHH dbe(|) THApOCTaHAHH. Hx yCTaHaBJIH- 
saiOT b MecTax conpn>KeHHH c|)jiaHAa JionacTH c Kopny- 
com padonero KOJieca. ynjioTiieiiHH padonnx KOJiec 
HMeiOT HeCKOJIbKO KOHCTpyKTHBHbIX HCIIOJIHeHHH, OT- 
JiHuaioiAHxcH Apyr ot Apyra MecTOM ycraHOBKH, MaTe- 
pnajioM ynjioTHHioiAHX KOJieA^ hx (jpopMOH h npHHAH- 
noM achctbhh. Hh>kc Mbi paccMOTpHM Handojiee pac- 
npocTpaHeHHbie KOHCTpyKAHH ynjioTHeHHH, odjiaAaio- 
iAHe naHjiyqniHMH 3KcnjiyaTa ahohhbimh KanecTBaMH. 

Ha pnc. 69, a H0Ka3aH pa3pe3 KO>KaHoro ynjiorae- 
hhh, KOTopoe y CTaHaB jiHBaiOT no a (|)JiaHAeM JionacTH 7 
h KpemiT k Kopnycy BTyjiKH 8 c noMOiAbio raeK h 
mnHjieK 2, VnjioTHeHHe coctoht H3 Ha>KHMHoro CTajib- 
Horo KOJibAa 3, KO>KaHoro MaH>KeTa 4 , npy>KHH H3 
4)0C(J)0pHCT0H dpOH3bI 5 H 6, KOJibAa H3 MaCJIOCTOHKOH 
pe3HHbi 7. PadoTa TaKoro ynjioTHeHHH bo mhotom 3aBH- 
cht ot KauecTBa ero cdopKH hjih, TOHHee, ot peryjin- 


turning the runner blades through an angle determined 
at a given head by the amount of the wicket gate 
opening. In runners with a cross-head (Fig. 65) the 
blades are turned in the following way: oil is supplied 
under pressure from the oil pressure plant through the 
slide valve of the cam, respective hollows in the operat¬ 
ing rod arranged in the turbine shaft and radial holes 
in reach rod 16 of the servomotor, alternately into 
the space under servomotor piston 19 or into the 
space above it. The servomotor piston moves upwards 
and downwards under the oil pressure thereby moving 
reach rod 16 rigidly and tightly connected with the 
piston. As the regulating rod is rigidly connected with 
cross-head 3 , it carries the latter away in the axial 
direction. In its axial displacement cross-head 3 rota¬ 
tes, through eyebolts 5, links 23 and pins arranged 
excentrically on levers 6, the blade stems in bronze 
guide bushes 22 and blades 7. With the servomotor 
piston moving upwards the runner blades go for 
closure, that is, they are positioned at a smaller angle 
and with the piston moving downwards the reverse 
process takes place. 

The blade-operating mechanism of the runners of 
such a type is lubricated with oil leaking from the 
runner casing and drained through pipe 15 and the 
central hole in the shaft into the oil supply head that 
is usually arranged on the turbine top or in the flange 
joint between the turbine and generator shafts. Oil 
leakage through the joint between the hub and the 
blades is prevented by special seals placed in these 
joints. These seals are described below. 

In runners without cross-heads (Figs. 66 to 68) 
oil is supplied under pressure into one or another 
space of the servomotor in the way similar to that 
above described. The blades are turned by the servo¬ 
motor piston acting on the crank rings of levers directly 
through links and eyebolts, without the use of the 
reach rod and the cross-head, as such elements are not 
provided in these runners. 

The seals of the blades of adjustable-blade turbine 
runners prevent penetration of water into the runner 
hub and leakage of oil from the hub into the hydro¬ 
electric plant tailwater. The seals are placed in the 
flange joints between the blades and the runner hub. 
The runner seals are of various makes differing in the 
place of installation, material of seal rings, their shape 
and principle of operation. Described below are most 
widely used constructions of seals possessing the best 
operating properties. 

Fig. 69, a illustrates a sectional view of a leather 
seal which is placed under flange of blade 7 and is 
secured to hub barrel 8 with the help of nuts and studs 
2. The seal consists of steel locking ring 5, leather 
gland 4, phosphorous bronze springs 5 and d, oil- 
resistant rubber ring 7. The functioning of such a 
seal depends largely on the quality of assembly opera¬ 
tions or, more exactly, on the adjustment of the tight- 
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Phc. 66. Pa3pe3 no pa6onejviy KOJiecy SecKpecTOBHH- 
Horo Tuna noBOpoTHo-nonacTHon rn^poTypSHHbi: 

cepBOMOTopa; 2 — nopiuem. cepBOMOTopa; 3 — 
pbiw; 4 — ceptra; 5 — najieu; cTanaHa; 6 — cxaKaH 


Fig 66 Section through runner of bracketless type 
of adjustable-blade hydraulic turbine: 

1— servomotor cylinder; 2 —servomotor piston; 5 —lever: 
4 — Hnk; 5 — sleeve pin; 6 — sleeve 


Phc. 67. Pa3pe3 no pa6oueMy 
KOJiecy SecKpecTOBHHHoro xnna 
nOBOpOTHO-JIOnaCTHOH rn^po- 
TypSnHbi: 


1 — BTyjiKa; 2 — pbmar; 3 — itan- 
cj>a; 4 — cepbra; 5 — najieu; 6 

npoyuiHHa ; 7 — nopmenb cepBOiwo- 

Tooa 


Fig. 67. Section through run¬ 
ner of bracketless type of 
adjustable-blade hydraulic tur¬ 
bine : 

J — hub ; 2 —lever; 5 —stem; 4 — 
link; 5 — pin; 6 — pinhole; 7 — 
servomotor piston 



Phc. 68. Pa3pe3 no paSoneiviy KOJiecy 
SecKpecTOBHHHoro THna c noJiocTtio cep- 
BOMOTOpa bo BTyjiKe paSouero KOJieca 
nOBOpOTHO-JIOnaCTHOH rHflpOTypSHHbl 

Fig. 68. Section through runner of 
bracketless type with servomotor in 
runner hub of adjustable-blade hydraulic 
turbine 


Phc. 69. Kohctpvkijhh ynjioTHeHHH JionacTeh paSounx 
KOJiec: 

a — ynnoTHeHHe no/j (fcuiamjeiw JionacTH; 

6 — napy>KHoe cbeMHoe ynnoTHeHHe 


Fig. 69. General arrangement of seals of runner 
blades: 

a — seal of blade flange; 

6 — outer removable sealing 
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poBKH mmira npy>KHH h pe3HH0BE>ix ko.tch, o kc.m 6yp,ert 
noApoSHee CKa3aHO npH ormcaHHH c6opi<n yruioTHeHHH. 

Xopomo H 3 roTOBJieHHBie h coopainn.ie yruioTHeHHH 
TaKOH KOUCTpyKHHU pa6oTaioT iicch.via na;ic>Kiio ; prune 
roAbi. HeflOciaTKOM sthx yruioTHeHHH hbjihctch to, 
hto ajih peMOHTa hjih 3aMeHBi OTPCJII.HI.IX pcTa/ieii npri- 
XOAHTCH cHHMaTb jionacTH. HapyrKHoe ynjioTHeHHe, 
ycTanoBKa h peMOHT KOToporo He TpeSyiox chhthh 
jionacTen (pnc. 69,6), coctoht hs H apy>KHoro Ha>KHM- 
Horo KOJitpa 1 , ynnoTHHiomero KOJitpa H3 MacjiocToft- 
KOH npo(|)HJii,HOH pesHHbi 2, BHyTpeHHero Ha>KHMHoro 
KOJibAa 3 h TapHpoBaiiHbix npy>KHH 4. OT>i<aTHH 

BHyTpeHHero KOJibpa nepefl ycraHOBKOH ynjioTHHTenb- 
Horo pesHHOBoro KOJibqa b jionacrax hmmotch pesb6o- 
Bbie OTBepCTHH 5. 

r. KOHCTpyKipm bajiob rHflPOxypKBH 

Baji rHApoTyp^HHbi o6bi t iiio npeACTaBJinex co6oh 
T py6y c ouem> xoacxbimh cxemcaMH, Ha KOHu;ax Koxopofi 
HaxoAHTCH 4)jiaHAbi. Hhhchhh (J)JiaHen; Kpennx k pa6o- 
qeivty KOJiecy, a BepxiiHH cocahhhiox jih6o c tjmaHAeM 
FHAporei-iepaTopHoro Bajia, jih6o c cjpnaHACM npOMe 
>KyTOHHoro Bajia, HaxoAHiAeroca mokaY BajiaMH raApo- 
TypSnHbi h raAporeHepaTopa, norAa TaKOH Ban npeAyc- 
MOTpeH KOIICTpyKAHeH. 

CneAyeT 3aMeTHTb, hxo AJiHHHbiH Ban co BCTaBKOii, 
Heo6xoAHMOH no ycnoBHHM H 3 FOXOB jichhh , npnmeHH- 
eTCH b rnApoarperaTax oneHb pe;j,KO . B nocneAnee 
BpeMH Bee SoAbmee npH 3 HaHHe cxan nojiynaxt rHApo- 
arperax c eAni-ibiM BanoM — o6iahm A^h xypdHHBi n 
reHepaxopa. Tanon Ban He xojibko yMem>maex Bbicoxy 
rHApoarperaxa, ho h cosAaex SontniHe yAobcxBa npn 
MOHxa>Re h b 3 KcnnyaxaAHH, 3xh yAodcxBa Bbipancaioxca 
rnaBHbiM oflpasoM b ynpomeHnn ucHTpHpOBaHHH nHHHH 
B ana, xan nan b nio6oM (JmaHAeBOM co e ahhchhh nens- 
6e>KHO cosAaexcn HeKOxopbiii hsjiom nHHHH Bana. 
KpoMe xoro, H 3 roxoBneHne eAHHoro Bana xpeflyex 
MeHLinHX 3axpax. 

Banbi oSbiHHO H 3 roxoBnaioxcn H3 noKOBOK c Ach- 
xpanbHbiM oxBepcxneM BAonb och. Y paAHanbHO-oce- 
Bbix THAPOxypSHH 3X0 oxBepcxHe HHorAa Hcnonb3yexca 
Ana noABOAa B03AY xa noA pa6onee noneco b Aenax 
yMeHbmeHHa aBneHHH KaBHxaAHH, a y noBopoxHO- 
nonacxHbix rnApoxypbHH — Ana noABOAa Macna k 
pa6oneMy nonecy. 

3a nocneAHee BpeMH nan y Hac, xaK h b HHoexpaH- 
hoh npaKXHKe cxann HaxoAHXb Bee donee uiHpOKoe 
npHMeHeHHe KOBaHO-CBapHbie Banbi, y Koxopbix KOBa- 
Hbie (J)naHAbi npHBapeHbi k CBapHOH xpyde. V thapo- 
xyp6nH, HMeioiAnx pe3HHOBbie Hnn APyrne noAHinn- 
hhkh, pa6oxaioiAHe Ha boabhoh CMa3Ke, hcoSxoahmo 
meHKH BanoB b 30He padoxbi noAHiHnHHKa npeAOXpa- 
HHXb OX K0pp03HH. C 3X0H A^ABK) HX OOJIHAOBBIBaiOX 


ness of springs and rubber seals. For more detail on 
the adjustment refer to the description of the seal 
assembling. 

Well made and correctly assembled seals of this 
type may serve quite reliably many years. A disadvan- 
tage of such seals is that a repair or replacement of 
individual elements of the seal involves the removal 
of runner blades. The outer seal which does not neces¬ 
sitate for its installation or repair removal of blades 
(Fig. 69, 6) comprises outer hold-down ring 1, sealing 
ring 2 of oil-resistant shaped rubber, inner hold-down 
ring 3 and calibrated springs 4. Threaded holes 5 are 
provided in the runner blades for pushing the inner 
ring back prior to placing the sealing rubber ring. 

D. SHAFTS OF HYDRAULIC TURBINES 

The shaft of a hydraulic turbine is usually a heavy- 
walled pipe provided with flanges at both ends. The 
lower flange is secured to the runner and the upper 
flange is connected either with the generator shaft 
flange or with the flange of an intermediate shaft 
between the turbine and the generator shafts in case 
such a shaft is provided in the power unit design. 

It should be noted that long shafts with inserts 
required by conditions of manufacturing are used in 
hydropower units very seldom. In the last few years 
power units with a single shaft common for the tur. 
bine and the generator are gaining more and more 
acceptance. Such shafts not only reduce the power 
unit height but also facilitate erection and maintenance 
procedures. While with flanged joints a certain angula¬ 
rity of the shaft line is inevitable whatever accurate 
alignment may be, an integral shaft does not require 
any alignment. Besides manufacturing cost of a single 
shaft is lower. 

Usually shafts are made of forged pieces with centre 
holes along the shaft centre line. In radial-axial turbines 
this hole is used sometimes for admission of air under 
the runner in order to reduce cavitation effects, and in 
adjustable-blade turbines, to supply oil to the runner. 

Recently both in our country and abroad forged- 
and-welded shafts with forged flanges welded to a 
welded thick-walled pipe, have found more and more 
wide use. In turbines with water-lubricated rubber 
bearings and other bearings the shaft necks in the 
bearing zone are to be protected against corrosion. 
For this purpose the necks are lined with stainless 
austenitic steel. In the majority of cases this lining is 
a cylinder made of sheet steel and cut along the axis 


Hep>KaBCiomeii aycTeiiH'nioii CTa.:u,io. Vlame Bcero 3Ta 
obJiHHOBKa npeflCTaBJiHeT co6oh ahjihhap H3 jihctoboh 
cTajiH, pa3pe3aHHbiH baojii. och Ha 4—8 uacreH (cer- 
mchtob), KOTopwe 3Jiei<Tpo3aKJienKaMH no ccjiepe h 
ihbom no KOHTypy npHBapHBaiOTCH k ocHOBHOMy Me- 
Tajuiy Bana, a 3aTeM .vicxaimviecKH o6pa6aTbiBaioTCH. 
B HHOCTpaHHOH npaKTHKe OO.milOBKY Ha meHKH BajIOB 

tjacxo hshochx MexoAOM MexajuiH3aAHH. 

H 3 BecxeH h aPYBoh cnocoS o6jihaobkh — npHBapna 
k nieHKe Bajia npeABapHxejiBHO HaxnHyxoH (HaBHXon) 
Ha Hee nojiocbi H3 Hep>KaBeioiACH cxajiH h nocjieAyioiAan 
ee MexaHHHecKan o6pa6oxKa. 

Bajibi ajb* KpynHbix rHApoarperaxoB HMeiox cpaB- 
HHxeJiBHO 6ojiBHiHe raGapnxbi h Maccy; xan, Ban thapo- 
xyp6HHbi Boji>kckoh F3C hmchh B. H. JleHHHa HMeex 
Maccy 50 x, A^aMexp 1420 mm, a rjuih y 5500 mm. ^naMexp 
(JjjiaHAeB y axoro Bana paBeH 2150 mm. K xohhocxh 
o6pa6oxKH BanoB npeA bHBnmoxoi noBbimeHHbie xpe- 
OOBaHHH KaK B H3CXH KOHACHXpHHHOCXH IIieHKH H nOCa- 
AOHHbix OypxHKOB Ha 4>naHAax, xaK h b nacxn nepneHAH- 
KynnpHoexH xopAOBbix nnocKocxen (|)jiaHAeB Bana k 
ero och. Eonbimie oxKJioneiiHn Moryx npHBecxn k hc- 
AonycxHMOH i-iecoocHocxH rHApoxypOnHHoro Bana c 
THAporeHepaxopHbiM BanoM h paSonHM KonecOM, a 
xaK>Ke k HeAonycxHMOMy H3noMy nHHHH Bana, o neM 
OyAex noApoOHO CKa3aHO b § 5-11. 

Ilpn pacnexe Bana Ha nponHoexB ynHXbiBaiox, no- 

MHMO paCXHTHBaiOIAHX H CKpyHHBaiOIAHX yCHnHH, BOC- 

npHHHMaeMbix hm npn paSoxe, xan>Ke ero coScxBeHHbie 
nonepenHbie h KpyxnnbHbie KoneSamra. Mhcao o6opo- 
xob Bana b eAHHHAy BpeMeHH He j^ojukho coBnaAaxt c 
nacxoxoH ero coOcxBem-ibix KoneSaHHH. Banbi thapo- 
xypOnii o 6 Bin ho A^naioxcn ncecxKHMH, x.e. xaKHMH, b 
Koxopbix nacxoxa coOcxBeHHbix KOjieSariHH b eAHHHAy 
BpeMeHH Oonbine nncna oOopoxoB arperaxa b axy >ne 
eAHHHAy BpeMeHH. Ecnn nncno oOopoxoB arperaxa b 
eAHHHAy BpeMeHH coBnanaex c nacxoxoM coOcxsenkbix 
KoneOaHHH poxopa rHApoarperaxa, xo xanne o6opoxbi 
rHApoarperaxa 6yAyx KpHXHnecKHMH. HoaxoMy npH 
pacnexe h BbiOope napaMexpOB Bana He Aonycnaiox 
xoro, nxo6bi pa3roHHoe hhcjio o6opoxoB rHApoarperaxa 
paBHanocb KpHxnnecKOMy hjih 6bino 6jih3ko k HeMy. 

A* CBOPKA PA BO KOJIEC 

PAAHAJIBHO-OCEBF>IX rilAPOTYPBHH 

U,ejibiionHXbie h ACJibiiocBapiibie paSonne Koneca 
oObiHHo npnSbiBaiox Ha MOHxa>K c ynce Haca>KeHHbiMH 
h pacKpenneHHbiMH ynnoxHHxenbHbiMH KontAaMH, ho 
B 03M0>KHa h pasACJibHaH nocxaBKa Konec h KoneA. 
B nepBOM cnynae bch pa6oxa no cOopne paOonnx Konec 
cboahxch k ycxaHOBKe oOxenaxeneH, a bo BxopOM k 
oxoMy AoOaBnnioxcn euie paOoxbi no HacaAKe h Kpen- 
neHHio ynnoxHHxentHbix KoneA 3 npoH3BOAHMbie Ha 
MOHxancHOH nnomaAKe. B xom h b ApyroM cnynaax sxh 


into 4 to 8 parts (segments), which are welded by plug 
welds on the segment surface and by continuous 
joints along the periphery to the shaft metal and 
then are machined. In foreign countries the shaft 
necks are often lined by metal plating. 

Another method of lining the shaft necks consists 
in welding a previously wound and stretched stain¬ 
less steel strip to the shaft neck followed by its ma¬ 
chining. 

Shafts of large hydropower units have comparati¬ 
vely large dimensions and mass, e.g. the shaft of the 
turbine of the V.I. Lenin Volga Hydroelectric Power 
Plant has 50 t in mass, 1420 mm in diameter and 
5500 mm in length. The diameter of flanges of this 
shaft is 2150 mm. More stringent requirements are 
imposed on the accuracy of the shaft machining as 
regards the concentricity of the neck and the pilot 
fillets on flanges as well as the perpendicularity of the 
flange face to the shaft centre line. Great deviations 
may cause an inadmissible misalignment of the turbine 
and generator shafts as well as inadmissible angularity 
of the shaft line — the case which will be discussed in 
detail in Section 5—11. 

In calculating the shaft strength, apart from tensile 
and torsional forces, the shaft natural transverse vibra¬ 
tions and torsional oscillations are to be taken into 
consideration. The rotational speed of the shaft per 
time unit shall not coincide with the frequency of its 
natural vibrations. Usually the shafts of hydraulic 
turbines are made rigid, that is, the frequency of the 
shaft natural vibrations is higher than its speed of 
rotation. In case the rotational speed of the hydro- 
power unit is the same as the natural frequency of the 
power unit rotor, this rotational speed will be a critical 
one. Therefore, when designing the shaft and selecting 
its parameters the accelerating speed of the power 
unit is never allowed to be equal to the critical speed 
or to be close to it. 

E. ASSEMBLING OF RADIAL-AXIAL TURBINES 
RUNNERS 

Integral-cast and all-welded runners are usually 
delivered for erection with seal rings already fitted 
and secured to them; as alternative, however, the run¬ 
ners and seal rings may be delivered separately. In 
the former case, the assembly work is reduced to the 
installation of the cowling and in the latter case the 
operations on fitting and securing seal rings made in 
the erection bay are added. In both cases these opera¬ 
tions do not present any difficulties and for this reason 
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paGoTbi He npeACTaBJiHiox KaKHx-jiH 6 o cjiojkhoctch, 
ncOTOMy paccMaTpHBaTi) hx otacjibho He 6 yA£M, TeM 
6ojiee, hto Bee ajieMeHTbi thkhx pafioT SyuyT pa3o6- 
paHbi npn paccMOTpeHHH cSopKH pa6oHHx KOJiec pa3b- 
eMHOH KOHCTpyKIJHH. 

Pa 3 *beMHbie p a 6 o h h e k o ji e c a, npn- 
SbiBaiomHe Ha MOHTa>K ajieMeHTaMH (no jiobhh3mh, 
TpeTHMH h neTBepTbiMii £Ojihmh padonero KOJieca), Ha 
Mecre MOHTanca coSnpaioTcn h Ha^encHO cnpeiuiHioTCH 
B OflHO HCJlOe. IIjIOCKOCTH COnpHHCeHHH 3THX SJieMeHTOB 
b Mecrax hx pa3beMa npoxoAflT nepe3 pa^nycbi oi<py>K- 
HocreH oGoaob Kojieca. OT^ejitHbie ajieMeHTbi KOJieca 
coeAHHHiOTCH Ha MOHTa>Ke jih6o c noMombK) 6aHAa>KeH ? 
Haca>KHBaeMbix b ropnneM coctohhhh, jihGo c noMomtio 
3 jiei<TpocBapKH. Pa36epeM tot h Apyroit cnocoS 
OTAejibHO. 

CoeAHHeHne nacTen paGonnx KOJiec npH noMonm 
6aHAa>KHbix KOJieu npoH3BOAHTCH cjieAyiomHM o6pa- 
30M. Haca>KHBaeMbie Ha KOJieco SaH^ancHbie KOJiBija b 
3 aBHCHM 0 CTH OT pa3MepOB npH^blBaiOT Ha MOHTaJK B 
i^ejibHOM BH^e hjih nojiOBHHKaMH. B nocjieAHeM cjiynae 
hx nepeA HacaAKon Ha paGouee KOJieco cBapHBaiOT 
sjieKTpocBapKOH b cneyHajibHOM KOHAyKTope h anny- 
parao o6pa6aTbiBaioT no maSnoHy nuiHcjjOBajiBHOH 
ManiHHKon. JJjih HacaAKH 6aHAa>KHbix KOJien; otacjib- 
Hbie nacTH Kojieca ycraHaBJinBaiOTCH cTporo no ypOBHio 
Ha MOHTa>i<Hbie TyMSbi, pacnonaraeMbie Ha cGoponHOH 
njiHTe. 3aTeM ajieMeHTbi Kojieca crarnBaiOT 6ojiTaMH hjih 
ApyrHMH KpenniAHMH ycrpoiiCTBaMH b oaho ijejioe 
Tan, hto6bi Me>KAy hjiockocthmh pa3i>eMa He 6bmo 
3 a 3 opa. CoraacHO TexHHnecKHM ycjioBHHM Ha MOHTa>K 
mApoarperaTOB b CTbinax MoryT Gbitb AonymeHbi 
jiHinb MecTHbie 3a3opbi BejiHHHHon He Gojiee 0,1 mm, 
npn 3tom cyMMapnan miomaAb hx He Romiam npesbi- 
niaTb 20% ot o6men njiomaAH CTbina. Kpenamne 
y ctpohctb a MoryT Obits BbinojiHeHbi no ctohhhbimh , 
ocTaBJineMbiMH nocjie HacaAKH OaHAancen, h BpeMeH- 
hbimh, yAajineMbiMH nocjie HacaAKH OaHAancen. IIpHna- 
coBaHHbie Ha 3aB0Ae HanpaBJiHiomne uith^tbi b conpn- 
raeMbix A^Tajinx, Kan npaBHJio ocraioTCH b cocraBe 
y3Jia. Cenemie h BHyTpeHHHH AHaMeTp 6aHAa>KHbix 
KOJieA AOJi>KHbi Obits TaKHMH, htoGbi b GaHAance nocjie 
ero ropnnen nocaAKH Ha oGoa KOJieca B03HHKajiH pac- 
neTHbie HanpHHceHHH (oGbihho 1500—1700 kfc/cm 2 ). 

HarpeB 6 aHAa>KHbix KOJieu; npOH 3 Bo ahtch jihGo 
sjieKTponenaMH b cnennajibHbix inaTpax co cbeMHbiMH 
KpbiuiKaMH, ycrpoeHHbix b cootb eTCTBHH c TpeGoBa- 
HHHMH nO>KapHOH 6 e 30 naCH 0 CTH, JIHGo MeTOAOM MaTHHT- 
hbix noTeps b >Kejie 3 e. B nepBOM cjiynae b maTep ycra- 
HaBJiHBaioT oObiHHbie 3 JieKTponenH oOinefi moiahoctbio 
50—100 kBt, b 3 aBHCHM 0 cth ot orcpy>KaiomeH TeMne- 
paTypbi h pa 3 Mepa 6 aHAa>KHoro KOJiBija. Bo btopom 
cjiynae Ha 6 aHAa>K paAnajibHO no Kojisny HaMaTbiBaiOT 
npoBOA- HarpeB OaHAanca b stom cjiynae MO>KeT npOH 3 - 
boahtbch Aance 6 e 3 maTpa, Ha otkpbitom B 03 Ayxe. 
OpneHTHpoBOHHbie np aKTHnecKHe AaHHbie no noAOopy 


they will not be considered separately, especially as all 
the steps of such operations will be discussed when 
considering the assembly of detachable runners. 

Detachable runners delivered to the 
erection site in separate members (halves, thirds and 
quarters of the runner) are assembled at the erection 
site and secured reliably into a whole. The mating 
surfaces of these members cut the radial planes of 
the runner rims. Separate members of the runner are 
connected with the help of bands that are shrunk 
while hot or with the help of electric welding. Each 
of these methods will be considered separately. 

Connection of the runner members with the help 
of bands is carried out in the following way. The bands 
fitted on the runner are delivered to the erection site 
either as integral or halved parts, depending on their 
dimensions. In the latter case, prior to fitting on the 
runner, the bands are welded in special jigs and accura¬ 
tely machined with the help of a* grinding tool. To 
fit on the strengthening bands separate parts of the 
runner are placed and strictly levelled on assembly 
supports arranged in the assembly floor. Then the 
runner members are bolted together or connected with 
the help of other fastenings so that no gaps remain 
at the joints. In conformity with specifications for the 
erection of hydropower units only local gaps, no more 
than 0.1 mm wide, may be admitted at the joints and 
the area of all the gaps should not exceed 20 per cent 
of the total area of the joint. Fastenings can be made 
permanent, remaining after fitting-on the strengthen¬ 
ing bands, or temporary, which are removed after 
fitting-on the strengthening bands. Guide pins in 
mating parts adjusted at the Manufacturer’s plant 
usually remain in the sub-assembly. The cross-section 
and the inside diameter of strengthening bands are 
to be present so as to provide for rated strains (usually 
1500 to 1700 kgf/cm 2 ) arising in the ring after the ring 
is shrunk-fitted onto the runner rim. 

The strengthening bands are heated in electric 
ovens in special containers with removable covers 
arranged in conformity with fire safety rules or by 
means of magnetic iron losses. In the former case 
conventional electric ovens with a total capacity or 
50 to 100 kW (depending on the ambient temperature 
and the strengthening band dimensions) are installed 
in the container. In the latter case, a wire is radially 
wound onto the band. The band may be heated in 
this case even without a container, in the open. Ten¬ 
tative practical data on the selection of wire cross- 
sectional area, the length of wires, the number of 
turns and the current obtained in this method will 
be given in Chapter 8 when considering the problems 
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ceneHHH npoBOAOB, hx ajihhbi h nncjia bhtkob h no 
nojiyuaeMOH npn stom CHJie Tona GyAyT npnBeAeHbi b 
ra. 8 npn paccMOTpeHHH Bonpocos HarpeBa pOTOpHbix 
BTynoK, o6oaob poTopa 6aHAa>KHbix KOJieit h cTaTopos 
rHApo reHe P aTO P OB mctoaom MarHHTHbix noTepB b 
>K ejie3e. 

HarpeB 6aHAa>KHbix KOJieu; npoH3BOAHTCH ao TeM- 
nepaTypbi, npn KOTopofi kojibu.0 pacuinpHTCH Ha 3aAaH- 
Hyio pacueroM h npoBepeHHyio b HaType BejinnHHy 
Harara h co3AaeTCH HenoTopbiH 3anac pacuinpemiH, 
HeofixoAHMbiii a-tch nocaAKH OaHAanca Ha o6oa 6e3 KaKHx- 
jih6o ocjiojKHeHHH. 3 tot 3anac AOJi>KeH o6ecnemm> 
Ha Bee BpeMH nocaAKH HenoTopbiH 3a3op Me>KAy BHyT- 
peHHen pacrouKOH 6aHAa>KHoro KOJiBija vi Hapy>KHbiM 
AnaMeTpoM odoAa KOJieca no cootb eTCTByiomHM Bbicry- 
naioiAHM 6ypTHKaM. BejiHHHHa 3Toro 3a3opa nepeA 
HanajiOM nocaAKH AOJinma HaxoAHTBCH b npeAenax 
5 — 7 MM Ha AHaMeTp B 3 aBHCHMOCTH OT OKpyncaiOIAeH 
TeMnepaTypti h npoAOJi>KHTejiBHocTH nocaAKH, onpe- 
AejineMOH rjiaBHbiM o6pa30M ckopocthbimh xapaKTepn- 
CTHKaMH KpaHa. BnojiHe noHHTHo, hto neM hh nee onpy- 
HcaioutaH TeMnepaTypa, cnocodcTByioman SbicTpoMy 
oxjia>KAeHHK) h ne m SojiBine BpeMeHH 3aTpanHBaeTcn 
Ha nocaAKy, TeM SojiBine AOJi>KHa Shitb BejiHUHHa 
3a30pa. 

BeJiHHHHa pacniHpeHHH nojibna no AnaMeTpy h TeM¬ 
nepaTypa HarpeBa onpeAejimoTcn H3 cooTHomeHH h : 
A D — D 0 att°, TAe A D — BeJiHHHHa, Ha KOTopyio 
y b ejiHHH jich BHyTpeHHHH AHaMeTp 6aHAa>Ka nocjie ero 
HarpeBa; D 0 — BHyTpeHHHH AHaMeTp 6aHAa>i<a, 3aMe- 
peHHbiH ao Harpena; t° — TeMnepaTypa HarpeBa (npe- 
BbimeHHe HaA ORpyHcatomen); a — K03(Jxf>HAHeHT jih- 
HeiiHoro pacmnpeHHH; a^ih CTajiH a = 1,12-10” 5 . 

Ttocjie HarpeBa KOjiBna ao TeMnepaTypbi, 3aAaHHoii 
c yueTOM 3anaca b 3a3ope, HaAO cneqnajiBHbiM uithx- 
MaccoM OKOHnaTejiBHO npoBepHTB ero BHyTpeHHHH AHa¬ 
MeTp. 3 tot pa3Mep conocTaBJimoT c pa3MepoM Ha cne- 
AnajiBHOH CKoSe, KOTopyio ycTaHaBJiHBaiOT no Ana- 
MeTpy nocaAOHHoro Mecra Ha nojiece. 3aTeM 6aHAa>KHoe 
kojibao CTponHT c noMOiABio cneitnajiBHbix npHcnocoS- 
jieHHH Ha KpaH h nepeHOCHT k MecTy ycTaHOBKH, eine 
pa3 npocMaTpHBaioT nocaAOHHbie noBepxHO cth Ha npeA- 
MeT OTcyTCTBHH 3a6oHH h rpH3H h np OH3 BOaht nocaAKy 
6aHAa>Ka Ha o 6 oa KOJieca. )KejiaTejiBHO, hto 6 bi TeMne¬ 
paTypa 6aHAa>Ka, Haca>KHBaeMoro nepB^rn, Ha 15 — 20°C 
npeBbimajia TeMnepaTypy daHAanca, Haca>KHBaeMoro 
BTOpbIM. IIpH 3T0M yCJIOBHH 06a 6aHAa>Ka OAHOBpe- 
MeHHO oxjiaAHTcn ao oKpyncaiomeH TeMnepaTypbi, hto 
oSecnenHT OAHHaKOBbie ycjioBHH oSththb aHHH Kojieca 
6aHAa>KaMH. Pafionee KOJieco c HacanceHHbiMH KOJibijaMH 
H npHCOeAHHeHHbIMH ynjIOTHHTeJIBHblMH KOJIBAaMH no- 
Ka3aHO Ha pnc. 70. 

EcjIH 33BOA "H3rOTOBHTeJIB THApOTypdHH HMeeT 06- 
iAyio BOAHyio MarHCTpajiB co cTponimomaAKOH, to 
pafionne Kojieca jnoObix rafiapHTOB h BecoB CBapnBaioTCH 
Ha 3aBOAe h b cnennajiBHOM TpaHcnopTe OTnpaBJimoTca 


of heating the rotor hubs, rotor rims, strengthening 
bands and generator stators by method of magnetic 
iron losses. 

The strengthening bands are heated up to a tem¬ 
perature at which the band will expand so as to ensure 
specified negative allowance checked in full-scale tests. 
In doing this a certain reserve expansion is provided 
in order to fit the band onto the runner rim without 
difficulty. This reserve expansion shall provide a cer¬ 
tain clearance between the inner bore of the band 
and the outside diameter of the runner rim fillets. 
This clearance, prior to fitting-on the band, shall be 
from 5 to 7 mm depending on the ambient temperature 
and duration of fitting-on operations controlled mainly 
by the crane hoisting speed. It is quite natural that 
the lower the ambient temperature promoting quick 
cooling and the longer the time required for fitting 
on the band, the greater clearance is required. 

The amount of the band diametral expansion and 
the heating temperature are found from the equation 
Az> = D 0 a t°, where AD is the increase in the streng¬ 
thening band diameter after heating; D 0 is the inner 
diameter of the strengthening band before heating; 
t° is the heating temperature (temperature rise above 
the ambient); a is the coefficient of linear expansion 
which is for steel <x= 1.12X1CT 5 . 

After the band is heated up to the temperature 
preset with due account for the required reserve in 
the clearance, a special pin gauge is used for the final 
check of the band internal diameter. This value is 
compared with the dimension on a special yoke which 
is to be positioned on the runner in the place whereon 
the band is to be fitted. Then the strengthening band 
is slinged with the help of special devices on the crane 
and transferred to the place of installation. In doing 
this the surfaces to be fitted together are again inspected 
to be sure that no dirt and dents are present on these 
surfaces, whereupon the band is fitted onto the runner 
rim. It is desirable that the temperature of the band 
fitted on first be 15 to 20°C higher than that of the 
band fitted next. This condition being observed, both 
bands will cool down to the ambient temperature 
simultaneously. Thus, equal conditions for tightening 
the bands on the rim will be provided. A runner with 
fitted-on bands and sealing rings is shown in Fig. 70. 

In case, the turbine manufacturing plant is connec¬ 
ted with the project site via a water transport route, 
the runners of any sizes and masses can be welded 
at the manufacturing plant and shipped to the project 
site as a whole on special ships as, for instance, was 
made in the case with the runners of turbines for the 
Krasnoyarsk hydroelectric power plant (Fig. 71). 
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Phc. 70 . Pa 3 pe 3 no pafioHeiwy KOJiecy paAHaiibno- 

OCeBOH rHApOTypOHHbl C IiaCa>KeHHbIMH 6 aHAa>KHbIMH H 
JiaSnpHHTHblMH KOJIbl^aMH: 

] — BepxHee ynJiOTHHTeJifcHoe KOJibpo; 2 BepxHee 6aH^a>KHoe 
KOJitpo; 3 — HHJKHee yruioTHHTeJibHoe KOJitpo; 4 — Hn>KHee 
GaHAajKHoe kojii>i;o ; 5 — npHcnoco6jieHne ajih npoBepKH koh- 
AeHTpH^IHOCTH 

Fig. 70. Section through runner of radial-axial hydrau¬ 
lic turbine with fitted banding and labyrinth rings: 

1 — upper sealing ring; 2 —upper banding ring; 5 — lower sealing 
ring; 4 — lower banding ring; 5 — device for concentricity check-up 



Phc. 71. Pabonne KOJieca Ha npuuajie CTporiTejibCTBa 
KpacHOHpcKOH V3C 


Fig. 71. Runners at berths on construction side of 
Krasnoyarskaya hydroelectric power plant 


ijeJiHKOM Ha cxpoHnjioiitaAKy, i<ai<, nanpHMep , KOJieca 
rn ApoTyp6 hh KpacHOHpcKOH T3C (puc. 71). 

CoeAHHeHne uacTeH pabounx KOJiec 3JieKTpocBap- 
koh, npOH3BOAHMoe Ha MOHTa>Ke, hbjihcxch BectMa 
cjio>khoh onepaAHeH h BbinoJiHHeTCH b na>KAOM oxAejm- 
hom cjiyuae no cneijHaJibHOH, npHroAHOH Ann Aarotoro 
THna KOJiec, TexHOJiorHH. Tanan TexHOJiornn oSbihho 
pa3pa6aTbiBaeTcn suboaom Ha ocHOBaHHH hmckhauxch 
H a 3 tot cnex a^hhmx onbira, pacnexa h SKcnepHMeHTa, 
npoH3BeA^HHoro Ha 3 aB 0 Ae no cBapne OAnoro hjih Hec- 
KOJIbKHX KOJiec 3TOH cepHH. noaTOMy A aTI> eAHHbie 
peKOMeHAattHH no cBapKe KOJiec jnodbix KOHCxpyKijHH 
h raSapHTOB, H3roTOBJieiiHbix H 3 pa 3 Hbix MaxepnajioB, 
He npeACTaBJineTCH bosmokhbim. Hn>Ke Mbi orpaHH- 
hhmch jiHuib paccMOTpeHHeM HeKOTopbix o 6 hj,hx peKO- 
MeHAaitHH, npHMeHHMbix npn pynnoH csapKe pafiounx 
KOJiec jnoSbix Tnnopa3MepoB. PadoTa no coeAHHeHHio 
nacTen padounx KOJiec ajieKTpocBapKon nauHHaexcH c 
noAroTOBKH njiocKOCTen pa 3 BCMa h kpomok pa 3 A^JiKH 
noA CBapny. Tanan noAroTOBKa cboahtch k TmaxejiB- 


Jointing the parts of a hydraulic turbine by electric 
welding on an assembly floor is a very intricate ope¬ 
ration and is to be performed using special technology 
for each type of turbines. Such technology is usually 
worked out by the manufacturing plant on the basis 
of available experience in the field, calculations and 
test welding of one or several runners of the given 
series at the manufacturer’s shop. For this reason, 
no general recommendations can be given on how 
to weld runners of different design versions and sizes 
and made of different materials. Given below are only 
some general recommendations which may be followed 
in hand welding of runners of any type and size. The 
operations on electrical welding of runner parts are 
started with preparation of surfaces and grooving. Such 
preparation consists in a careful cleaning of the joint sur¬ 
faces from rust and barbs and checking for tightness 
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HOH 3 aHHCTKe 3THX nOBepXHOCXCH OT p>KaBHHHbI H 
3 ayceHiteB h npoBepKe hjioxhocth conpHKacamiH conpn- 
raeMbix rniocKOcren. IIpoBepKy conpuKacaHHH njiocKO- 
cTefl pa3i>eMa mo>kho np oh3b ecTH jihihb nocjie coeAH- 
HeHHH odenx nojiOBHHOK KOJieca dojixaMH. Jfjin 3Toro 
KOJieco ycTaHas jihb aiOT Ha cneitnajibHbie Tyivibbi (pnc. 
72), <|)HKCHpyK)T Ha nanpaBJiHioiAHX mnoHKax hjih 
niTH(|)Tax h obTHrHBaiOT dojrraMH, pacnojio>KeHHbiMH b 
BepxHeM h HH>KHeM oGoAax hjih Ha cnenHaJitHbix npn- 
AHBax. IlocJie 3aTHH<KH Sojitob npoBepmoT mynOM 
OTCyTCTBHe 3a30p0B Me>KAy nJIOCKOCTHMH pa3T>eMa. 
Ecjih bbihbjihiotch 3a3opbi, npeBbimaioiAHe Aonycxn- 
Mbie, TO nOJIOBHHKH CJieAyeT pa360JIXHTb H npOH3BeCTH 
noAroHKy rniocKOCTen pa3beMa no Kpacne nyreM npn- 
nHJIOBKH, IHJIH(j)OBKH HJIH madpoBKH BblCTynaiOIHHX 
ynacTKOB. 3a3opbi Me>KAy hjiockocxhmh pa3x»eMa MoryT 
SbiTb AonyiqeHbi jihihl MecTHbie, BejiHUHHa Koxopbix He 
AOJi>KHa 6biTb 6ojiee ueM 0,1 mm c cyMMapHOH hjio- 
iauabio, He npeBbimaiomeH 20% ot odmen njiomaAH 
conpn>KeHHH; npn stom oTAeJibiibie ynacTKH no ahhhc 
cTbma — He dojiee 100 mm. 

rtocjie coeAHHeHHH hojiobhhok KOJieca dojixaMH 6e3 
3 a 30 pOB HJIH npn 3a30pax, AOnyCTHMbIX TeXHHHeCKHMH 
ycjioBHHMH, doJiTbi HHH<Hero odoAa ocBo6on<AaiOT h 
ctwk pa3ABHrai0T Ha 3aAaHHyio TexHOJiorneH BejiHHHHy. 
^Todbi odecneuHTb donee hjih MeHee paBHOMepHyio 
Ae4)opMan[Hio Koneca npn cnapKe, 3aBapKy cTbiKa cjie- 
AyeT np0H3B0AHTt oAHOBpeMeHHO Ha odenx npOTHBO- 
nojio>KHbix cxopoHax odoAa, c nepeAOBaHHeM Hajio- 
nceHHH CBaponHbIX BaJIHKOB no odeHM CTOpOHaM X-od- 
pa3HOH pa3AeJiKH. IlepBbie neTbipe-inecTb H3 othx 
B ajiHKOB, T.e. no A Ba_ TpH BajiHKa c Ka>KAoii cTopoHbi, 
peKOMeiiAyexcn 1-iaKJiaAbiBaTb sjieKTpOAUMH AnaMexpoM 


of contact between jointed plares. The joint planes can 
be checked for tight contact only after both the halves 
of the runner are connected with the help of bolts. 
For the purpose the runner is placed onto special 
pedestals (Fig. 72), fixed with the help of spline keys 
or pins and tightened with bolts placed in the top 
and bottom rims or in special lugs. After the bolts 
are tightened, the joints must be checked with the 
help of a clearance gauge for gaps between the joint 
planes. In case gaps are detected, the runner halves 
are to be unbolted and the joint planes checked by 
blueing and fitted by filing, grinding or scraping salient 
areas. Only local gaps between the joint planes may be 
admitted; the gaps should not be in excess of 0.1 mm, 
their total area being not over 20 per cent of the total 
area of the joint surface and the length of individual 
gaps is not to be in excess of 100 mm. 

Both halves of the runner bolted together without 
gaps or with gaps allowed by specifications, the bolts 
of the lower rim are released and the joint planes are 
separated for the width preset by the technological 
requirements. In order to provide for a more or less 
uniform deformation of the runner during welding, 
the joint is to be welded simultaneously at two oppo¬ 
site sides of the rim, with alternating application of 
weld beads at both sides of the double V-groove. 
It is recommended to apply the first four or six of 
these beads, that is two or three beads at each side, 
with the help of electrodes, 3 to 4 mm in diameter. 


Phc. 72. Pafionee KOJieco rnApoTyp- 
6 hhbi BpaTCKOH P3C b npoijecce noA- 
totobkh njiocKOCTen pa3BeMa no# 
CTbIKOBKy H CBapKy nOJIOBHHOK 

Fig. 72. Runner of hydraulic turbine 
of Bratskaya hydroelectric power 
plant in the process of preparation 
to join and weld the halves 



143 






















































































































3—4 mm npn oSpaTHOCTyneOTaTOM cnoco6e, pa30HB 

BEICOTy o6oAa B 3 aBHCHM 0 CTH OT erO BCJIHHHHbl Ha 
TpH-neTBipe cryneHH. Ilocjie HajiojKeHHH sthx BaJiHKOB 
oSpaTHocTyneH^iaTBiM cnocodoM najiBHeiiiiiyio cBapKy 
mohcho npOH3BOAHTb Ha npoxon; 3JieKTpoflaMH Sojibmero 
AHaMeTpa npn SojiBineH cnjie TOKa. B nponecce CBapKH 
cjieflyeT Ka>KAbiH BajiHK TiijaTejiBHO oHHiijaTB ot nuiaKa. 
PeKOMeHAyeTCH Taione npOH3BOAHTB npOKOBKy iubob 
( 3 a HCKJHOHeHiieM nepBbix ueTbipex h nocjienHero). 

JT. TTST CHHTHH CBapOHHBIX HanpH>KeHHH KOJieCO, 3a- 
KOHHeHHoe CBapKOH, noABepraiOT no cneijHaJiBHOH 
HHCTpyKIJHH TepMHHeCKOH o6pa6oTKe, nocjie KOTOpOH 
npOH3BOAHT MexaHnnecKyio o6pa6oTKy ctbikob (pnc. 73 
h 74). KanecTBO CBapHoro cocahhchuh h coctohhhc 
okojioihobho^ 30HBI uiHpHHOH He MeHee 30 mm no 
Ka>K#yK) CTopoHy ot inBa npoBepnioT yjn>Tpa3ByKOM. 


using the back-step welding method and subdividing 
the rim over its height into three or four steps, depend¬ 
ing on its height. After the beads are applied by the 
back-step welding, further welding may be carried out 
continuously with electrodes of a larger diameter and 
with a higher current. In the course of welding each 
bead is to be cleaned carefully from slag. It is recom¬ 
mended also to hammer the weld joints (except for the 
first four and the last one). 

To eliminate weld stresses, the welded runner is 
subjected to a special thermal treatment in conformity 
to a special instruction. After that the weld joints 
are to be machined (Figs. 73 and 74). The quality 
of weld joints and the condition of the near-weld zone, 
not less than 30 mm on both sides of the weld, are 



Phc. 73. TepMiraecKaH o6pa6oTKa hhjwk- 
TopoM csapHoro Hisa pa6onero KOJieca rufl- 
pOTyp6mn>i EpaTCKOH T3C 

Fig. 73. Heat treatment of runner welds 
on Bratskaya hydroelectric power plant by 
means of inductor 


B CJiyuae bbihbjichhh MecT c AecjpeKTaMH np oh3 b o aht 
B bipydKy c nocjienyioineH 3aBapK0H h npoBepKOH. 

Ilocjie Toro Kan pa 6 ouee KOJieco c iiomoiubio 6 aH- 
Aa>KHbix KOJien hjih CBapKH Sy^er coenmieHo b oaho 
nejioe, Ha ero BepxHHH, a b HeKOTopbix KOHCTpyKijHHX 
h Ha ero hjdkhhh 060 a Ha^eBaioT ymioTHirrejitHbie 
(jiaSnpHHTHbie) KOJiBna, KOTOpbie name Bcero coctoht 
H3 A b Y x HaCTeil. 3 tH IIOJIOBHHKH o 6 bIUIIO CTHTHBaiOT 
npHcnocoOjieHHeM (pnc. 75), a 3aTeM CBapHBaiOT b 
cTbiKax pa3beMa h, KpOMe Toro, erne Kpemrr k o 6 ony 
SojiTaMH, KOTopbie 3aTeM HanencHO kohtpht hjih npn- 
BapHBaioT k odony CBapKOH. 3aBapeHHbie Ha CTbiKax 
pa 3 beMa CBapHbie niBbi 3auHiitaioT c iiomoiubio cTaHKa 
hjih no maOjiony pyuHOH niJiHcJjOBajiBHOH MaiiiHiiKOH, a 
3 aTeM npoBepnioT KOHijeHTpHHHocTB ynjiOTHHTejiBHbix 
KOJien. IIpOBepKy KOHIjeHTpHHHOCTH ynjiOTHHTejiBHbix 


checked by ultrasonic method. Faulty sections, if 
detected on the joint, are to be punched out and the 
joint is to be welded and checked up anew. 

After the runner is integrated into a whole with 
the help of strengthening bands or by welding, sealing 
(labyrinth) rings are to be fitted on the runner top 
rim (in some makes — on the runner bottom rim too). 
Most frequently these sealing rings consist of two 
parts. The ring halves are usually tightened with the 
help of a special device (Fig. 75) and then the joints 
are welded. Besides the sealing rings are bolted to 
the rim and the bolts are either locked reliably or welded 
to the rim. The butt welds are trimmed with a grinding 
machine or a hand grinder and then the concentricity 
of sealing rings is checked. This check is carried out 



Phc. 74. MexammecKan o6pa6oxKa cBapnoro 
iiraa paSouero KOJieca rpmpoxypoHHM EpaTCKOH 
F3C c noMOinLio cneimajibHoro npHcnocoSjiemiH 
c iiiJiH(J)OBajifcHOH rojioBKOH. 3 thm npHcnoco- 
SjieHHeM npoBepnioT TaioKe KOHijeHTp huhoctb 
KOJ ieca 


Fig. 74. Machining of runner welds of hydraulic 
turbine on Bratskaya hydroelectric power plant 
by special device with grinding head. This 
device is also used to check up runner con¬ 
centricity 
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Phc. 75. IIpHcnoco6jieHHe ajth CTHrHB ehhh nepeA csap- 
koh iiojiobhhok jiaGiipHHTHbix KOJieii; paGonero KOJieca: 

1 — kojilijo jiaSnpHHTHoro yruioTHemiH; 2 — 0603 pa6o^ero KOJieca 

Fig. 75. Device for tightening the runner labyrinth ring 
halves before welding: 

1 —labyrinth ring; 2 —runner rim 


KOJieit npoH3BOAHT o6bihho b a Ba 3Tana: npe^BapH- 
TejiLHo — c noMonjbio npHcnocoSjieHHH h oKOHua- 
TejibHO — nyTeM noBopOTa poTopa arperaTa Ha uojjr 
naTHHKe. 3a3opti memgy BpautaioiitHMHCH h HenoA- 
BH5KHBIMH ynJIOTHHTeJIbHbIMH KOJIbljaMH H3MepHIOT B 
BocbMH paBHOMepHO pacnojio>i<eHHbix A^aMeTpajibHO 
npoTHBonojio>KHbix TOHKax. ripHcnoco6jieHHe rjik npeA- 
BapHTejibHOH npOBepKH KOHijeHTpHUHocTH ynjiOTHH- 
TejibHbix KOJieit mo>kho 6a3Hp0BaTb Ha pacrouKe b 
KOJiece noA Sypran Bajia hjih, hto eme jiyume, Ha iueHKe 
Bajia TypSnHbi (pnc. 74). Kpome Toro, co6paHHbie Ha 
MOHTance H3 OTAejibHbix uacTCH paSoune KOJieca aoji>k- 
Hbi SbiTb o6H3aTeJibHo OTSajiaHCHpoBaHbi. IIoapo6ho 
o 6ajiaHCHpoBKe paSoHHx KOJiec CKa3aH0 HH>Ke (n.3). 


E. CEOPKA PAEOMHX KOJIEC 
IIOBOPOTHO" JIOll A GTH bl X rHffPOTyPEHH 

TexHOJiorHnecKHH npoitecc cfiopKH pafiomix KOJiec 
noBopoTHo-jionacTHbix rHApoTypfiHH acjihtch Ha ue- 
Tbipe nacTH: 1) cSopKy MexaHH3MOB noBopoTa, pacno- 
jiaraeMbix BHyTpH BTyjiKH; 2) c6opKy ynjioTHeHHH jio- 
nacTeM ; 3) ycraHOBKy h KpenjieHHe JionacTen h 4) Ha 
ycTaHOBKy ocTajibHbix AeTajien (oSTeKaTejib, kpbihikh 
h t.h.). IlepBbie Asanpoijecca 3aBHCHT ot KOHCTpyKijHH 
KOJiec, a BTopbie ABa hbjihiotch oSiahmh AJm KOJiec 
Bcex pacnpocTpaHeHHbix KOHCTpyKijHH. 

PaccmoTpHM c6opi<y MexaHH3M0B noBopoTa Jiona- 
CTeH HeCKOJIbKHX COBpeMeHHbIX KOHCTpyKipm paGOHHX 
KOJiec, npeABapHTejibHo otmcthb, hto He3aBHCHM0 ot 
KOHCTpyKAHH MexaHH3MOB nOBOpOTa Bee OHH JlOJiyKUbl 
SbiTb co6paHbi TaK, uTofibi ofiecneuHBajicn miaBHbiH 
xoa nopiHHH cepBOMOTopa npn pa3BopoTe jionacTen ot 


usually in two steps: the preliminary check with the 
help of a special device and the final check by turning 
the power unit rotor on its thrust bearing. The gaps 
between the rotating and fixed sealing rings are mea¬ 
sured at the ends of four diameters spaced uniformly 
over the runner circumference. The device for preli¬ 
minarily checking the sealing rings for concentricity 
may be installed in the bore for the shaft fillet in the 
runner, or better on the turbine shaft neck (Fig. 74). 
Besides, runners assembled of separate parts on the 
installation site must be balanced out. A detailed 
description of runners balancing is given below (Sec¬ 
tion 3). < 

F- ASSEMBLY OF ADJUSTABIjE-BLADE 
TURBINE RUNNERS 

The process of assembling the adjustable-blade 
turbine runners can be subdivided into four steps: 
1) assembling the blade-operating mechanisms located 
in the turbine hub; 2) assembling the blade seals; 
3) installing and securing the runner blades; 4) install¬ 
ing miscellaneous parts (cowl, covers, etc.). The first 
two steps are governed by the runner design and the 
following two steps will be the same for the runners 
of all the known constructions. 

Let us consider an assembly procedure for blade- 
operating mechanisms of some modern constructions 
of runners. It should be noted that regardless of con¬ 
struction of the blade-operating mechanism all these 
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IIOJIHOIO OTKpbITHH AO nOJIHOrO 3aKpi>ITHH npH AaBJie- 
HiUi Macjia b cooTBeTCTByionmx nojiocrax cepBOMOTopa 
iie fiojiee 2 Krc/cM 2 . 

MexaHH3M noBopoTa jionacTeii ko- 
jiec KpecTOBHHHoro xnna (pnc. 65) co6h- 
paioT Ha MOHTa>KHoii hjih APyrofi njioiqaAKe b pa3Jinu- 
hoh TexHOJiorHuecKOH nocjieAOBaTejiBHOCTH. C6opi<y 
mo>kho npoH3BOAHTb c noMointio cnepHajitHbix npn- 
cnocofijieHHH, nosBOJmioumx o6xoahtbch 6e3 KaHTOBKH 
BTyjiKH, HO HH>Ke MbI paCCMOTpHM BapHaHT cSopKH 3T0r0 
MexaHH3Ma c KaiiTOBKofi BTyjiKH pafiouero KOJieca. 

BTyjiKy ycTaHaBJiHBaiOT Ha ueTbipe MepHbie MeTaji- 
jinuecKHe TyAibbi, npHKpenjieHHbie k cneimajibHOH moh- 
Ta>KHOH njiHTe. GraBHT BTyjiKy TaK, HTofibi ee hhjkhhh 
4>jiaHeA HaxoAHJicH BBepxy. Pbiuara 6, cepbrn 23 
(no 3 HAHH Ha pnc. 65) h pantjjbi eme ao hx cfiopKH b 
nojxy3Jibi TiitaTejibHO ouHipaioT ot aHTHKOpp 03 hhhbix 
noKpbiTHH, 3ayceHpeB h rpH3H. Ilocjie 3Toro Ha c6o- 
pouHoii nJioiqaAKe Ha 3KcneHTpHUHbie najibuti pbiua- 
fob HaAeBaiOT coeAHHeHHbie c npoyniHHaMH 5 cepbrn 
23, nocjie uero uepe3 cnennaJibutie pe3b6oBbie OTBep- 
cthh Ha cepbrax BpeMeHHo pacKpenjiniOT nocjieAHne 
otho cHTejibHO 3KCAeHTpHHHbix najibpeB ptiuaroB. 3a- 
TeM b HMeiomeecn Ha ptiuare 6 Tanoe >Ke pe3b6oBoe 
OTBepCTHe BBepTbIBaiOT A^UIIHblH pbIM, K KOTOpOMy 
pacKpenjiniOT cepbry c npoymmioH Tan, htoSbi och 
cTepncHH 3Toro pbma h cepbrn pacnojiarajincb napaji- 
jiejibHO. ITotom Ka>KAyio Tanyio coujieHeHHyio napy 
CTpOriHT 3a AJIHHHblH pbIM H nOOHepeAHO CTaBHT Ha 
MecTo, OTMeueiiHoe mapKHpoBKoii. IfeHTpnpyH npeABa- 
pHTejibHO Ka>KABiii pbiuar ero OTBepcraeM noA itan^jy 
oTHocHTejibHo pacTOHKH noA 4 )J iaHen pan^bi bo BTyjiKe 
4, Ka>KAyio coujieHem-iyK) napy c noMomtio KaKHx-HH6yAb 
KpenniAHx ycTpoficTB pacKpenjiniOT 3aTCM b TaKOM 
nojioHceHHH k HHHaieAiy (j)jiaHny BTyjiKH, HaxoAHiAe- 
MycH b AaHHOM cjiyuae HaBepxy. 

Pacnojiaraa yeraHOBjieHHbiMH h np cab apHTe jibho 
OTijeHTpHpOBaHHbiMH pbiuaraMH c cepbraMH h npoymn- 
HaMH, mojkho npHCTynaTb k 3aBOAKe nanifi jionacTen c 
noMOiAbio cnepHajibHoro npncnocoSjieHHH (pnc. 76). 
3to npHcnocobjieHne npeACTaBJineT co6oh niTaHry, Ha 
oahom KOi-ine KOTopon ncecTKO 3aKpenjieH (JjjiaHep 
KpeimeHHH c panc^on, a Ha APyroM — np othbobcc, 
KOTopbin mo>kho nepeMeiqaTb no niTaHre. IIpHcnocoS- 
JieHne, CKpenjieHHoe cbohm c^jiaimeM c (J)jiaHAeM ijamfibi, 
npHAenjiniOT CTponoM k rany KpaHa hjih Apyroro noAT>- 
eMHoro MexaHH3Ma, npHueM oahh KOHeit crpona oxBa- 
TbrnaeT niTaHry okojio (fijiaHna, a Apyron — okojio 
npoTHBOBeca. 

^Tro6bi mojkho 6biJio peryjinpOBaTb ropH30HTajib- 
HocTb nojio>i<eHHH och niTaHrH npHcnocoSjieHHH, a BMe- 
CTe c Hen h och pant^bi, b OAHy H3 CTponamux BeTBen 
Tpoca BCTpaHBaioT pym-iyio Tajib hjih cnepHajibHoe 
peryjiHpoBonHoe ycTpoiicTBO b bhao Tajipena, KaK sto 
noKa3aHO Ha pnc. 76. Hajinune Tajm hjih Tajipena ofijier- 
naeT 3aBOAKy panifi bo BTyjiKy h b HaxoAHiAHHca b 
Hen pbiuaT. 


mechanisms should be assembled so as to provide 
for a smooth travel of the servomotor piston from 
full closure up to full opening of blades, the oil pressure 
in corresponding spaces of the servomotor being not 
in excess of 2 kgf/cm 2 . 

The blade-operating mechanism 
of cross-head runners (Fig. 65) may be 
assembled on the assembly floor or on any other 
ground in various sequences. The assembly can be 
performed with the help of special devices which make 
it possible to dispense with the hub canting, but the 
below description is concerned with assembling this 
mechanism using runner hub canting. 

The hub is placed onto four measuring steel pedestals 
fixed to a special assembling plate. The hub is placed 
with its lower flange upwards. Levers 5, links 23 (Ref. 
Nos on Fig. 65) and stems are to be cleaned carefully 
from anticorrosive coating, dirt and barbs prior to 
assembling. Then links 23 connected with lugs 5 are 
fitted onto the excentric pins of levers (this operation 
is performed on the assembly floor) and then the 
links are temporarily fixed through special threaded 
holes in them in respect to eccentric pins of the levers. 
Thereupon, a long lifting bolt is driven into a similar 
threaded hole in lever 6 and the link with the lug is 
fixed to the lifting bolt so that the centre lines of the 
bolt and the link are parallel to each other. Then 
each such coupled pair is slinged at the long lifting bolt 
and is placed in turn into its marked design position. 
Each lever is centred previously in respect to the bore 
for the flange of stems in hub 4 and each coupled pair 
is fixed in position with the help of fastenings on the 
bottom flange of the hub, this flange being in this 
case on the top. 

After the levers with links and lugs are installed 
and centered, the blade stems can be mounted with 
the help of a special device (Fig. 76). The device men¬ 
tioned is a rod provided at one end with a rigidly 
secured fixing flange with the stem and with a counter¬ 
weight on the other end; the counterweight can be 
moved along the rod. The device, with its flange secu¬ 
red to the stem flange, is attached with a sling to the 
hook of the crane or of some other hoist, one end of 
the sling embracing the rod near the flange, the other, 
near the counterweight. 

In order to provide for levelling the rod centre 
line and in this way — the stem centre line, a hand 
tackle or a special regulating device in the form of 
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Pmc. 76. YcxaHOBKa uari4) pa6o- 
^ero KOJieca c iiomoujmo cnei^HajiL- 
Horo npHcriocoSjiei-iHH c npoTHBO- 
rpy30M 

Fig. 76. Assembly of runner stems 
by special device with counter¬ 
weight 


B ycraHOBJieHHbie tukhm o6pa30M uancjjBi h pbinarn 
3aKJia,qbiBaK)T AHJim-iApHuecKHe HanpaBJiHiomne ujiiohkh 
(no3. 21 Ha pnc. 65), nocjie Hero c noMomtio 6ojitob 
KpenJieHHH JionacTeH no athfhb aiOT i^ancf)bi k pbinaraM. 
ripn nocaAKe rtan(J)bi Ha hx pa6onne MecTa noA rojiOBKH 
Sojitob KpenJieHHH jionacTen itoak jiaAbiBaiOT Tpy6na- 
Tbie rnanSbi bbicotoh, paBHOH TOJimmie (})J2aHAa jio - 
nacra. 

noTom npoBepniOT 3a3opbi Me>KAy Hapy>KHbiM A^a- 
MeTpoM (J)jiaHAa uamjDbi h 6p0H30BbiM kojibijom bo 
BTyjiKe KOJieca, a TaK>Ke 3a3opbi Me>KAy hjiockocthmh 
conpH>KeHHH uancjjbi c pbinaroM h pe3yjiBTaTbi npo- 
BepKH conocTaBJiHiOT c AaHHbiMH 3aBOACKoro (J)opMy- 
jinpa. ITocJie 3 Toro Ha BbiTOHKy noA Jionacra ctubbt 
3amHTHbie 3arjiyuiKH h noArOTaB jihb aiOT BTyjiKy k 
KaHTOBKe ee Ha 180°. 3Ta noAroTOBKa cboahtch k 
chhthk) pacKpenjmiomHX ycTpoiiCTB c pbinaroB, pa3- 
BopoTy pbinaroB b noJionceHHe, KorAa ceptrH Sojibine 
Bcero yTonaioT bo BTyjiKe, h pacKpenjieHHio b TaKOM 
nojio>KeHHH ceper c npoyniHHaMH k (JjjiaHAy Kopnyca 
BTyjiKH, c TeM HTo6bi He noBpeAHTb hx b nportecce 
KaHTOBKH. PacKaHTOBaHHyio Ha 180° BTyjiKy craBHT 
HH>KHHM (JjJiaHAeM Ha TyMSbl, Me>KAy KOTOpbIMH no 
AeHTpy ycTaHOBKH BTyjiKH 3apaHee pacnojiaraiOT Ha 
neTbipex AOMKpaTax KpecTOBHHy (no3. 3 Ha pnc. 65). 

BbicoTa TyM6 b stom cjiynae AOJBKHa 6bm> tukoh, 
HTOfibl HMejiaCb B 03 M 0 >KH 0 CTB onycTHTb uitok 16 (pnc. 
65) b caMoe HH>KHee nojio>KeHne h npn otom c noMomBio 


a turnbuckle (as shown in Fig. 76) is built into one of the 
sling runs. A tackle or a turnbuckle facilitates mounting 
the stems in the hub and in the lever located in the hub. 

Cylindrical spline keys (Ref. 21 in Fig. 65) are 
placed into the stems and levers installed in such a 
manner and then the stems are screwed up to the 
levers with the help of blade securing bolts. While 
placing the stems into their seats tubular washers (the 
height of which is equal to the blade flange thickness) 
are placed under the heads of the blade securing bolts. 

Then the gaps between the outer diameter of the 
stem flange and the bronze ring in the runner hub 
are checked as well as the gaps between the joint 
planes of the stem and the lever. The results of check 
are compared against t,he Manufacturer’s certificate 
data. Thereupon; end caps are fitted on the recess 
for blades and the hub is prepared for turning through 
180°. This preparation consists in removing the fixing 
elements from the levers, turning the levers so that 
the links are sunk into the hub, and fixing the links 
with lugs in this position to the hub housing flange 
so as to avoid any damage to the links in the course 
of turning. The hub turned through 180° is placed 
with its bottom flange onto pillars, between which a 
cross-head (Ref. No. 3 in Fig. 65) is placed on four 
jacks, aligned with the hub centre line. 
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AOMKpaTOB HacaAHTb Ha Hero KpecTOBHHy. Tlocjie pac- 
KpenjieHHH BTyjiKH k TyM6aM Ha ee BepxHHK (JwiaHeii 
ycraHaBJiHBaioT h pacKperuimox ahjihhap cepBOMOTopa 
(ecjiH oh He coBMemeH c KopnycoM BTyjiKH), Ilpn 3 tom 
AOSHB aiOTCH COBMemeHHH pHCOK Ha AHJIHHApe H BTyjiKe 
h coBnaACHHH noJiy otb ep cthh noA niTH(})Tbi Ha ahjihh- 
Ape h BTyjiKe. 

^TtoSbi npeAOTBpaTHTb BbiTeKamie Macna H3 hh>k~ 
nen noJiocTH cepBOMOTopa, Me>KAy hjiockocthmh conpn- 
>KeHHH b ciieAHa;ii>iio npoTouemivio KanaBKy saKJiaABi- 
Baiox CKJieeHHbin b kojibijo KpyrjibiH urnyp H3 Macno- 
CTOHKOH pe3HHBI. 

IHxok cepBomoxopa (no3. 16 Ha pHc. 65) h nopmeHB 
(no3. 19 Ha pnc. 65) cnapHBaiox Apyr c ApyroM o6bihho 
b cxopoHe, HaA KaKHM-jinSo npoeMOM. B HMeioinyiocn 
Ha inxoKe KOJiBijeByio Bbixonny 3aKJiaAbiBaiox A^e 
nojioBHHKH 3anopHoro KOJiBua, noxopbie npHKpenjiHiox 
k nopuiHio SoJixaMH c KOHxpniAHMH iiianSaMH (hjih 
npnxBaxbiBaiox 3Jiei<xpocBapKOH) h xeM caMbiM pacKpen- 
jihiox nojio>KeHHe nopuiHH oxnocHxejiBi-io nixona. Ilpn 
ycxanoBKe Ha Mecxo axon napbi Heo6xoAHMo oflpaiAaxB 
BHHMaHHe Ha xo, nxo6bi nopineHB cxporo iianpaBjinjicn 
no AHJiHHApy h hh>khhh KOHen[ nixona He ynnpancH bo 
BXyJIKy KpeCXOBHHbl. 

KpecxoBHHy (no3. 3 Ha pnc. 65) HaAeBaiox Ha iuxok 
c noMOiqBK) ycxaHOBJieHHbix noA Hen nexbipex aom- 
npaxoB, KoxopbiMH ee paBHOMepHo noAHHMaiox no 
inxoKy BBepx ao ynopa b hmckhahhch Ha HeM SypTHK. 
IlpH 3 xom ocBo6o>KAeHHbie ox pacKpenjinioiAHx ycxpofl- 
cxb cepbrn c npoyniHHaMH nanpaBJimox xan, hto6bi 
K a>KAan npoyuiHHa 0Ka3ajiacB cxporo noA oxBepcxneM, 
npoACJiaHHbiM AJm Hee Ha KpecxoBHHe, nxo Aocxnra- 
eTCH noBopoxoM Aan(J)bi BOKpyr ee och. npn no a beMe 
KpeCXOBHHbl BHHMaxejIBHO CJieAHX 3a TeM, uxodbi He 
C03AaBaji0CB nepeKOca ee oxHocmejiBHo nixona. 

KpenjieHHe KpecxoBHHbi k nixony npoH3BOAnx no- 
JiOBHHKaMH 3anopHoro KOJiBira. B KOHCxpyKAnnx pa6o- 
uhx KOJiec np ecxoBHHHoro BapnaHxa, npeAy.CMaxpHBaio- 
iahx KpenjieHHe ceper k KpecTOBHHe HenocpeACTBeHHo 
ropH30HxajiBHbiMH najiBnaMH, MHHyn npoyniHHbi, 3a- 
BOAKy najiboeB b KpecTOBHHy ocymecTBjmiOT c noMoiABio 
cnennajiBiioro npHcnocoSjieHHH c np othbob ecoM, aHa- 
JiorHHHO npHMeiiHeMOMy npn 3aBOAKe ijancf). 

PaccMOTpeHHbie Bbiine xexHOJiornnecKHe npneMbi ox- 
BaTbiBaiOT BecB KOMnjieKc pa6oT no cSopne MexaHH3MOB 
noBopOTa jionacTen pa6onnx KOJiec KpecTOBHHHoro Ba- 
pnaHxa. Mto KacaeTCH TexHOJiorHH c6opi<n ocTajiBHbix 
Acxajien KOJieca, to OHa, KaK obinan AJm Bcex KOJiec 
thA poTyp6 hh noBopoTHO-jionacTHoro THna, 6yAeT pa3o- 
6pana OTAejiBHO. 

CSopna MexaHH3MOB noBopoTa JionacTen pabonHx 
KOJiec becKpecTOBHHHoro THna, Ka>KAoro H3 noKa3aH- 
hbix Ha pnc. 66—68, HMeeT cboh oco6chhocth. PaccMo- 
xpHM npHMepHyio TexHOjiormo c6opKH MexaHH3MOB 
noBopoTa KOJiec ab yx nepBbix ncno jihchhh . 

MexaHH3M noBopoTa JionacTen paSonnx KOJiec, noKa- 
3aHHbix Ha pnc. 66, coGnpaioT cjieAyioiAHM o6pa30M. 


The height of support pillars in this case is to be 
sufficient to lower reach rod 16 (Fig. 65) into its lowest 
position and to fit on it the cross-head with the help 
of jacks. After the hub is secured on the pillars, the 
servomotor cylinder is placed and secured on the 
hub top flange (unless it is aligned with the hub housing). 
In doing this, marks on the cylinder and on hub, 
and also holes for studs in the cylinder and in the hub 
are to be aligned. 

In order to prevent leakage of oil from the lower 
space of the servomotor, a round cord ring of oil-proof 
rubber is placed between the joints into a special groove. 

The servomotor reach rod (Ref. No. 16 in Fig. 65) 
and the piston (Ref. No. 19 in Fig. 65) are usually 
coupled outside of the hub assembly, over any aperture. 
Two halves of the stopper ring are placed into the 
annular neck journal on the reach rod and these halves 
are secured to the piston with the help of bolts with 
safety washers (or tack welded to the piston). In this 
way the position of the piston in respect to the reach 
rod is assured. While placing this couple in position, 
attention should be given that the piston is rigorously 
aligned along the cylinder and the lower end of the 
reach rod does not rest on the cross-head hub. 

The cross-head (Ref. No. 3 in Fig. 65) is fitted onto 
the reach rod with the help of four jacks installed under 
it. The jacks lift the cross-head uniformly along the 
reach rod until it thrusts against the shoulder on the 
reach rod. In the action, the links with lugs free from 
securing elements are guided so that each lug is posi¬ 
tioned strictly under the respective bore in the cross¬ 
head. This is achieved by rotating the stem about its 
axis. When hoisting the cross-head attention should 
be given to avoid misalignment of the cross-head in 
respect to the reach rod. 

The cross-head is secured to the reach rod with 
the help of stopper rod halves. In runners of the cross¬ 
head type, where the links are secured to the cross¬ 
head directly with horizontal stud bolts involving no 
lugs, the stud bolts are brought in the cross-head with 
the help of a special device with a counterweight similar 
to that used for bringing-in the stems. 

The technology described above includes the entire 
scope of work on assembling the blade-operating 
mechanism for cross-head type runners. As for assembl¬ 
ing other parts of the runner, this technology will be 
described separately since it is the same for all runners 
of adjustable-blade turbines. 

The blade-operating mechanisms of runners without 
cross-heads, shown in Figs. 66 through 68, are to be 
assembled using a separate procedure for each type 
of runner. Let us consider a typical procedure for 
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Phc. 77. YcTaHOBKa pbiuaroB c cepb- 
raMH Ha cneijHajibHOM cflopouHOM upH- 
cnoco6neHHH 

Fig. 77. Installation of levers with links 
in special assembly rig 


Ha cSopouHOH riJiHxe b cneunajibHOM npHcnocofijieHHH 
(KpecTOBHHe) cobnpaioT pbraarn 3 h cepbrn 4. PbmarH 
KpenHT k npHcnoco6jiei-iHio c noMomtio cnennajibHOH 
BHJIKH (pHC. 77), npHUCM xai<, UT 06 bI HJIOCKOCTb HX 
(JjjiaHiteB 6buia CTporo otbcchoh . no# Hn>KHHe rojioBKH 
ceper ycraHaBJiHBaiOT #OMKpaTbi (no o#HOMy Ha cepbry) 
n c hx noMontbio peryjiHpyiOT nojionceHHe pbinaroB 
h ceper npn cfiopne MexaHH3Ma. npoBepHB npaBHJib- 
hoctb BbiCTaBJieHHbix h 3 aKpenjieHHbix Ha npHcnocofine- 
hhh pbinaroB c cepbraMH, Ha c6opouHyio njiHTy CTaBHT 
BTymcy pafiouero KOJieca, npe#BapHTejibHO 3am,HTHB ot 
B 03M0>KHbIX 3a#HpOB <j)JiaH#bI pbIHarOB JIHCTaMH npecc- 
rnnaHa (pnc. 78). BTyjiKy CTaBHT Ha njirny HecnojibKO 
Bbirne npoeKTHoro nojionceHHH pbinaroB, hto6bi npn 
3aBO#Ke ijancj) Hynmo 6biJio no#HHMaTb #OMKpaTaMH 
tojibko pbinarn c cepbraMH. 

YcTaHOBHB nan(J)bi Ha niTH^Tbi cnoco6oM, pa3o6- 
paHHbiM Bbime, h pacnpenKB hx fiojrraMH, npHCTynaioT k 
ycxaHOBKe nopniHH cepBOMOTOpa 2 (pnc. 66). nopmeHb 
cepBOMOTopa TiqaTejibHo neHTpnpyioT OTHocHTejibHo 
ceper 4 h #HJiHH#pa 1 Tan, htoSbi npn noca#i<e He 
npOH3omjio 3a#HpoB. GraKaHbi 6 y cTaHaB jihb aiOT Ha 

ifin 


assembling the blade-operating mechanisms of the 
first two types of runners shown in Figs 66—68. 

The blade-operating mechanism of runners shown 
in Fig. 66 is assembled in the following way. Levers 3 
and links 4 are mounted together on an erection slab 
in a special device (centrepiece). The levers are secured 
to this device with the help of a special yoke (Fig. 77), 
the plane of their flanges being strictly vertical. Jacks 
are installed under the bottom heads of the links 
(one jack per link) to adjust the position of the levers 
and links during assembly. On checking the position 
of all the levers and links placed and secured on the 
device, the runner hub is mounted on the erection slab. 
The lever flanges are to be protected against possible 
scratches by press-board sheets (Fig. 78). The hub is 
placed on the erection slab somewhat above the design 
position of the levers so that when bringing-in the stems 
only levers with links are hoisted by the jacks. 

After the stems are mounted and bolted as described 
above, the piston of servomotor 2 is installed (Fig. 66). 



Fig. 78. Installation of runner hub of 
bracketless type on assembly floor with 
bracing by levers 


Phc. 78. YcTaHOBKa btyjikh paSouero 
KOJieca 6ecKpecTOBHHHoro rana Ha c6o- 
poHHyio njiHTy c 3aKpenjieHHtiMH Ha 
npHcnocofljieHHH pBiuarajvm 


nopmeHb c yruiOTHHTejibHOH npoKna#KOH, a tcpenjieHHe 
HX 6ojITaMH K nOpiHHIO npOH3BO#HT nOCJie 3aBO#KH 
najibijeB 5, nojionceHHe KOTOpbix (JjHKCHpyioT cneiuiajib- 
HOH KOJIbljeBOH npy>KHIIOH, HaXO#HIIteHCH C TOpma 

najibija. 

BbinOJIHHB 3TH pafiOTbl, MOHTHpyiOT IHTOK CepBOMO- 
Topa pafionero KOJieca. Ha stom co6ctbchho h 3aKaHUH- 
BaeTCH cfiopna pafio hhx MexaHH3MOB pafionero KOJieca, 
npe#cTaBJieHHoro Ha pnc. 66. 

Bee 3 th pafioTbi mo>kho b bino jihhtb Ha jiio 6 oh c 6 o- 
POhhoh njioiqa^Ke, o6opy#OBaHHOH cooTBeTCTByionten 
cfiopOHHOH nJIHTOH H #OCTaTOHHO MOIIIHblMH rpy30- 
no# beMHbiMH MexaHH3MaMH, TaK nan TaKoii ynpyrmeH- 
hbih 6 jiok HeTpy#Ho no#aTb Ha MOHTancHyio mioma#Ky 

#JIH OKOHHaTeJIbHOH efiopKH KOJieca - Ha#0 HMeTb 

JiHuib yTHHcejieHHbie njiaT(f)OpMbi. 

nopn^OK cfiopKH MexaHH3MOB noBopoTa JionacTeii 
fiecKpecroBHHHoro pafionero KOJieca, noKa3aHHoro Ha 
pnc. 67, HeCKOJIbKO OTJlHHaeTCH OT TOJIbKO HTO paCCMO- 
TpeHHoro h cbo#htch b ochobhom k cjie#yiorueMy: 
BTyjiKy 1 pafiouero KOJieca KamyiOT b pafiouee nojio>i<e- 
HHe h CTaBHT hh>khhm cf)jiaHu;eM Ha neTbipe MepHbie 


The servomotor piston is to be carefully centred in 
respect to links 4 and cylinder 1 so as to avoid scratches 
when fitting-on the piston. Sleeves 6 are installed on 
the piston with a sealing gasket and bolted to the 
piston after bringing-in pins 5, their position being 
checked with the help of a special ring spring located 
at the pin butt end. 

These operations completed, the runner servomotor 
reach rod is mounted, this being in fact the last assembly 
operation for the blade-operating mechanism of the 
runner presented in Fig. 66. 

All these operations can be performed at any 
assembly floor equipped with a corresponding erection 
slab and hoisting mechanisms of adequate lifting 
capacity since such an assembly can by conveyed to 
the assembly floor for the final assembly of the runner 
without difficulty — only heavy platforms are to be 
provided. 

The sequence of assembling the blade-operating 
mechanism of a runner without a cross-head shown 
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TyMSbi Ha cflopouHon njime. B stom cjiyuae Bee pBiuarn 
2 c cepbraMH 4 nejiB3H 3apaHee BbicraBHTL Ha npncno- 
cofljieHne, kqk 3to 6bijio noKa3aHO Ha pnc. 66 , Tan Kan 
3^ecb b OTJiHHHe ot paccMOTpeHHoro Ha pHc. 66 pa6o- 
uero KOjieca, ^naMexp b Hy TpeHHen pacronKn HH3a 
BTyJIKH MeHLUie ^HaMeTpa OKpy>KHOCTH, Ha KOTOpOH 
pacnojio>KeHbi riepH(f)epHHHbie rpaHH ptmaroB c cepb- 
raMH. IIo3TOMy b a^hhom cjiyuae Ka>KAyio napy, coctoh- 
HJtyio H3 pbinara 2 h ceptra 4 c naJitijeM 5, coflnpaioT 
b CTopoHe ot BTyjiKH. 3aTeM 3Ty napy noAB03HT Ha 
cneAnajibHOH pyuHon xejie>KKe no a BTyjiKy h 3a pbiM, 
bB epHyTbin b pbinar, no ab euiHBaiOT CTponoM Ha KpaH. 
Ceptra npn stom onycKaeTCH otbccho bhh 3. ITocjie 
Toro KaK KpaH noAHHMeT pbinar, ero nepecTpanjiHBaiOT 
Ha pyuriyio Tajn>, 3aKpenjieHHyio Ha 6ajiKe, Ha BepxHeM 
4>JiaHAe BTyjiKH. 3aTeM ycTaHaB jihb aioT h pacKpenjimox 
yme H3BecTHbiM HaM cnocoSoM Aan(J)y jionacTH. 

3ai<penHB tukhm o6pa30M noonepeAHO Bee pbinarn 
c cepbraMH n Aan<J)bi Ha najibijbi ceper, HaxoAnmnecH 
eme BHH3y, HaAeBaiOT cneitnajibHbie 3anopHbie KOJibqa, 
npenHTCTBylo 111,11 e nepeMemeHHio naJibueB baojib cbohx 
ocen. Hepe3 HMeiomnecH Ha sthx KOJibqax oTBepcTHH 
nponycnaiOT Tpoc h noouepeAHo no athfhb aiOT cepbrn 
KpaHOM b BepxHee BepTHKajibHoe nojio>KeHHe, yeraHaB- 
jiHBan npn stom no a hh3 k3>kaoh cepbrn AOMKpaTbi, 
TyM6bi hjih npocTO AepeBHHHbie 6py ckh . Kan tojibko 
Bee cepbrn SyAyT HaxoAHTbcn b BepxHeM BepraKaJib- 
hom nojio>KeHHH n noA hhmh 6yAyT TyM6bi, c najibijeB 
cHHMaioT 3 anopHbie KOJibija n Ha najibubi naAesaiOT 
AHJinHApnnecKHe npoymnHbi. 3 th npoyuiHHbi HMeiOT 
CHH3y KaHajibi, hto no3BOJineT, HaAeB npoymnHy Ha 
najieA n noBepHyB ee Ha 90°, cjpnKcnpoBaTb naiieq 
OTHOCHTejiBHO npoyuiHHbi. 

ITopmeHb cepBOMOTOpa MOHTnpyiOT ctioco6om, pac- 
CMOTpeHHbiM paHee. OcoSoe BHHMaHne yAejinioT npn 
3TOM TOMy, HToSbl (|)HKCaTOpbI Ha AHJIHHApHUeCKHX 
npoyniHHax xoporno bxoahjih b rne3Aa (cb ep jichhh) Ha 
nopuiHe, Tan nan sto npeAOTBpatqaeT pa3BopoT npoy- 
uihh. rtocjie KpenjieHHH npoyuiHH k nopnimo ycTaHaB- 
jiHBaioT ihtok cepBOMOTOpa pa6onero KOJieca. Ha stom 
n 3 aKaHHHBaeTcn c6opi<a MexaHH3Ma noBOpOTa JionacTen 
pa6onero KOjieca Aamioro Tiina. 

Ecjih ynjioTneHHH jionacTen naxoAHTcn noA (J)JiaH* 
AaMH JionacTeH, to JionacTH ycraHaBJinBaiOT nocjie 
c6opKn n peryjinpoBKn ymtOTHeHnn. Ecjih nee ynjiOT- 
HeHHH — cbeMHbie (Hapy>KHbie), to JionacTH ycraHaB- 
jiHBaioT ao MOiixa>Ka ynjiOTHeHnn. B tom h ApyroM 
cjiynanx nopaAOK pa6ox no MOHTaHcy JionacTen OAHHa- 

KOB H CBOAHTCH B OCHOBHOM K CJICAyiOH^eMy. 

BTyjiKa pa6onero KOjieca c coSpaHHbiMH MexaHH3- 
MaMH pa3BopoTa Aonacren b cbocm paSoneM nojio>Ke- 
HHH HaXOAHTCH Ha MOHTa>KHbIX TyMSaX Ha cSopOHHOH 
njiHTe. JIonacTb c noMOujbio cneAnajibHbix pbiMOB, 
oahh H3 KOTopbix — Ha ee napy>KHOM c|)jiaHAe, a Ana — 
Ha nepe, noABeuinBaioT TpocoM Ha KpaH (pnc. 79). 
npn 3 tom b bctbh Tpoca, HAyiAHe ot rana KpaHa k 


in Fig. 67, differs from that above-described and is 
reduced to the following operations: hub 1 of the 
runner is tilted into the work position and placed 
with its bottom flange onto four measuring pillar 
supports on the erection slab. In this case all levers 2 
with links 4 cannot be placed beforehand onto the 
device as it has been shown in Fig. 66, since, unlike 
the runner shown in Fig. 66, the diameter of the inner 
bore of the hub bottom is less than the diameter of 
the circle in which the peripheral faces of levers with 
links are arranged. For this reason, each couple consist¬ 
ing of lever 2 and link 4 , with pin 5 is assembled aside 
from the hub. Then this couple is conveyed on a special 
hand-operated bogie under the hub and is suspended 
with a 'sling through a lifting bolt screwed in the lever 
from the crane. The link drops vertically downwards 
as this takes place. After the crane lifts the lever, the 
latter is re-slinged on the hand tackle secured to a 
beam, above the top flange of the hub. Then the blade 
stem is mounted and secured by the method already 
known. 

After all the levers with links and stems are secu¬ 
red special stopper rings are put on the pins of the 
links which are still below so as to prevent axial displa¬ 
cement of the pins. A cable is passed through the 
holes provided in these rings and the links are in turn 
raised into their upper vertical position; in doing 
this jacks, pillars or wooden bars are placed under 
each link. As soon as all the links are in the upper 
vertical position, with pillars placed under them, stopper 
rings are removed from the pins and cylindrical lugs 
are fitted onto the pins. These lugs are provided with 
grooves at the bottom of this enabling fixation of the 
pin in respect to the lug, by fitting the lug onto the 
pin and turning it through 90°. 

The servomotor piston is mounted as described 
earlier. Special attention is to be given to assure that 
stops on cylindrical lugs fit well into the bores on the 
piston because this prevents turning of the lugs. After 
the lugs are secured to the piston, the reach rod of 
the runner servomotor is installed. By this operation 
the assembly of the blade-operating mechanism of 
runners of this type is finished. 

In case the seals of blades are located under the 
blade flanges, the blades are installed after mounting 
and adjusting the seals. In case of removable (outside) 
seals the blades are installed prior to mounting the 
seals. In both cases the sequence of operations on the 
blades is the same and amounts to the following. 

The runner hub with the blade-operating mechanism 
mounted is installed in its working position on erection 
pillars on the erection slab. With the help of special 
lifting bolts (one of them on the blade outside flange 
and two others, on the blade) the blade is suspended 
on a cable from the crane (Fig. 79). In this case, the 
legs of the cable running from the crane hook to the 
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ptmaM, pacnojiOH<eHHbiM Ha nepe JionacTH, Berpan- 
BaiOT no oahoh pymion Tajin hjih no OAHOMy xajipeny, 
a pniM Ha (fmaHAe coeAHHHiOT c ranoM TpocoM 6e3 
3thx peryjiHpyioiqHX ycrponcTB. Hajinnne peryjin- 
pyioiAHx ycTponcTB odecneuHBaeT b npoAecce ycraHOBKH 
JionacTen TmaTeJibHyio peryjinpoBKy h AeiixpnpoBaHne 
JionacTen OTHOCHTejiBHO Kopnyca h OTHOCHTejiBHO ahjihh- 
ApnnecKnx mnoHOK, 3apaHee 3ajio>KeHHbix b nancfmi, 
HaxoAHiAnecn b nojio>Keimn, cooTBeTCTByioii^eM noji- 
HOMy 3aKpBiTnio jionacTeii. 

JIonacTb nocjie ee AeiiTpnpoBaiinn no pacTonne bo 
BT yjiKe, no AHJiHHApnnecKon mnomce n no otbcchocth 
ee onopHoro (})JiaHAa 3aB0Anx b me3A0. npn 3 tom 
OKOH naTejiLHyio nocaAKy jionacm b BBixomcy npon3- 
boaht c nomoiABK) uexBipex-iiiecTH nocxonmibix 6 ojitob 
K penjieHHH JionacTen. IIpnjieraHne (fmanija JionacTH k 
A ancJje cunTaeTcn AocraTOHHO hjiothbim, eejin Me>KAy 
HX njIOCKOCTHMH COnpH>KeHHH He npOXOAHT LAyn 0,03 MM . 
3aMep rnynoM npon3BOAHTcn nepe3 cboSoahmc ot 
Oojitob OTBepcTHH KpenjieHHH JionacTen. 

yfieAHBiHHCb b xopomeM npnjieraHnn njiocKocxen 
conpn>KeiinH, yCTaHaB jiubuiot Bee ocxajibHbie Sojitbi 
K penjieHHH, saTHrnBan nx paBHOMepHo c KpecTOo6pa3- 
hbim HepeAOBanneM. Hxo6bi npeAOTBp uthtb ripoxenKn 
nepe3 6 ojit, noA ero rojioBKy 3aKJia abib aioT ynjioTHH- 
TeAbHbie AieAHBie Kojina n3 Kpyrjion MacjiocxonKon 
pe3HHbi. 3aTHrnBaTi» 6 ojitbi KpenjieHHH mo>kho pyn- 


lifting bolts on the blade are provided with one hand- 
operated tackle or one turnbuckle and the lifting bolt 
on the blade flange is connected with the crane hook 
without these regulating members. The regulating 
members provide for careful adjustment and centring 
of blades in respect to the hub housing and in respect 
to cylindrical keys placed beforehand into the stems 
which are in a position corresponding to a full closure 
of the blades. 

After centring the blade in respect to the bore in 
the hub, to the cylindrical key and to the vertical 
position of the blade support flange, the blade is brought 
into the bore. A final fitting of the blade into the bore 
is performed with the help of four to six permanent 
blade securing bolts. A blade flange may be considered 
tightly fitted to the stem if a clearance gauge, 0.03 mm 
thick, cannot be inserted between the joint surfaces. 
The clearance is measured with the help of a clearance* 
gauge through the bolt holes free from bolts. 

Having made sure that the joint surfaces are tightly 
fitted, all remaining securing bolts are installed and 
tightened up uniformly, on opposite ends of diameters 
of the flange, and alternating the diameters in the 
cross-like sequence. To prevent leakage through the 
bolts, copper or oil-proof rubber sealing rings are 
placed under the bolt heads. The securing bolts may 
be tightened with a manual box wrench applying to 
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HbIM HaKHAHBIM KJIIOHOM, npHK Jia ABIB 3H K pyKOHTKe 
Kjnona jih 6 o y^apHyio auiy, jih 6 o ycmiHe ot KpaHa 
(nocjie^Hee — nepe 3 AHHaMOMeTp). Bo 3 Mo>KHa TaKJKe 
3aTH>KKa MexairaqecKHMH, rn Apas jiHuecKHMH h mieB- 
MOrHApaBJIH*ieCKHMH KJIIOHaMH. 

HesaBHCHMo ox cnocoSa 3 aTH>KKH, yciiJiHH npn stom 
H e AOJiJKHbi Bbi3biBaTb nanpH>KeHHH b Gojrrax, npeBbi- 
maiomHe npe^ycMOTpeHHbie npoeKTOM, hto kohtpojih- 
pyeTCH BeJIHHHIIOH OTHOCHTeJILHOrO yAJIHHeHHH B 6 oji- 
xax nocne hx oKOiiuaTejiBHOH 3aTH>KKH. OTHocHTejibHoe 
y^jiHHeHne 3aMepmoT no CTepnmio, pacnojio>KenHOMy b 
oTBepcTHH, CAenaHHOM b HeHTpajibHon nacTH na>KAoro 
fiojrra. B nocjieAHee BpeMH CTajin innpoKO npHMeHHTB 
TepMnnecKyio 3aTH>Ki<y. npn stom cnoco 6 e Bee Gojitbi 
K penjieHHH JionacTH, 3a HCKjnoneHHeM AByx, npoTHBo- 
nojio>KHO pacnono>KeHHbix (oahh CBepxy n oahh cHH3y), 
BBepxbiBaiOT cornacHo Mapi<npoBKe b hx OTBepcTHH. 
Bojitbi 3 aBepTbiBaioT Tan, hto 6 bi onopnan njiocKocTb 
nx tojiobok, 3a HCKJiioneHHeM paHee yCTaHOBneHHbix 
npn HaBecne JionacTeH, nona eqe He conpHKacajiacb c 
BbiTonKOH Ha (|)jiaHne. 3aTeM hh ahk aTopHBiM rjiyfin- 
HOMepoM 3 aMepmoT rjiySmiy OTBepcTHH b 3thx HeHa- 
rpy>KeHHbix 6 ojiTax — ot BepxneH nnocKoeTH tojiobkh 
6 oJiTa ao roJioBKH cTep>KH h. Ilocjie 3aMepa rjiyfiHHBi 
OTBepcTHH BCe CB 060 AHbie 60 JITBI paBHOMepHO o 6 th- 
rHBaiOT kjiiohom, npHKjiaABiBan k ero rnieny ajihhoh 
500 mm yAapHyio Harpy 3 Ky b 12 Krc, YScahbihhcb b 
OT cyTCTBHH 3 a 3 opoB Me>KAy conparaiou^HMHCH mioc- 
KOCTHMH (3aMepbI np0H3B0AHT Hepe3 ABa CBoOoAHbIX 
OTBepcTHH), yCTaHaBJIHBaiOT H TaK >Ke 33THTHBaiOT ABa 
ocTajibHbix OojiTa. 

nocjie 3aTH>KKH Bcex SoJITOB BHOBb npoBepHiOT 
rjiyGmiy OTBepcTHH b hhx h ecjin b* HenoTopbix H3 hhx 
o6Hapy>KHTCH yAJiHHeHHe, to sto ynHTbiBaercH Bnoc- 
jieACTBHH npn ycTaHOBKe maOjiOHa rjik pa3MeTKH 
nojio>KeHHH rojiOBOK Oojitob. 3aTeM c iiomoiabio 
HiaOjioHa HaHocHT phckh Ha (fmaHne h rpaHHx Sojitob 
c yneTOM TpeOyeMoro pacneTOM noBopoTa KancAoro 
6ojrra, npn kotopom oOecnenHBaeTCH pacneTHoe Hanpn- 
>KeHHe. BbinojiHHB pa3MeTKy Bcex 6 ojitob, hx noone- 

peAHO C npOTHBOnOJIO>KHbIX CTOpOH 3aTHTHBaK3T OKOH- 

naTejibHO. IIpeABapHTeJibHO 6 ojitbi noAorpeBaiOT, npn- 
neM nepeA noAorpeBOM hx oTBepTbmaiOT Ha oahh 060 - 
pox, a noA rojioBKy yi-cjiaABiBaiOT mHypoBOH hjih jihcto- 
boh acSecT. Harpes npoH 3 BOAHT c Topqa tojiobkh 
6eH3ope30M hjih aPY^oh ra30B0H ropejiKon ao TeMnepa- 
Typbi 550—600°C, 3 aMep chhoh Ha rjiyOnHe cjioh 8 — 
10 mm ot noBepxHOCTH. HarpeBaiOT nocTeneimo, Tan 
HToObi BpeMH HarpeBa cocraBJiHJio He MeHee 15 mhh. 
IIpH stom c noMombio TepMonapbi h rajibBaHOMeTpa 
hjih TepMOKapaHAama cjicaht 3a TeM, hto 6 bi TeMnepa- 
Typa y KOpHH mecTHrpaHHHKa tojiobkh He npeBbimajia 
350—400°C. npn npenpaiAeHHH HarpeBa AaeTCH 15-mh- 
iiyTHan BbiAep>Ki<a, nocjie KOTOpon 6oJiT3aBepTbiBaiOT ao 
coBMemeHHH HaMeneHHbix Ha rojiOBKe h fmaHne phcok. 

YAJiHHeHHe Oojitob 3 aMepHioT nocjie hx nojiHoro 

OCTbIBaHHH. BeJIHHHHOH (J)aKTHHCCKOrO yAJIHHeHHH Kane- 
Aoro 6ojixa cnuxaeTCH pa3H0CTb 3aMepOB, npOH3BeACH- 
Hbix nocjie h ao saTHH<KH OojiTa. BejiHHHHa AonycTH- 


the wrench arm either the strength of blow or the crane 
force (the crane force is to be applied through a dynamo¬ 
meter). The bolts can be also tightened with the help 
of power wrenches or wrenches with hydraulic or 
pneumatic-hydraulic drives. 

Irrespective of the method of bolts tightening 
forces applied in doing this shall not cause stresses in 
the bolts in excess of design values. This is checked by 
measuring relative elongation of bolts after they are 
tightened up. Relative elongation is measured on a 
rod placed in the axial bore in each bolt. Recently 
the thermal method of tightening has found wide 
application. In this method all the bolts used for secur¬ 
ing the blade, except for two bolts on the opposite 
end of the vertical diameter (one top bolt and one 
bottom bolt), are screwed into their respective holes, 
according to marking. The bolts are to be driven in 
so that the supporting surfaces of their heads, except 
for bolts placed earlier when placing the blade on the 
stem, are not in contact with the recess on the flange. 
Then, with the help of an indicating depth gauge, the 
depth of the bore in these not tightened bolts is measu¬ 
red — from the top plane of the bolt head to the rod 
head. On measuring the bore depth all the free bolts 
are uniformly tightened with a wrench using the force 
of blow of 12 kgf and applying this force to the wrench 
arm 500 mm long. Checking that no clearances are 
present between the joint surfaces (measurements are 
performed through two free holes), the two remaining 
bolts are placed and tightened in the same way. 

On tightening all the bolts, the depth of bores in 
bolts is checked again and in case elongation is revealed 
in some of them it is to be accounted for later on, 
when installing the templet for marking out location 
of the bolt heads. Then, using a templet, marks are 
made on the faces of the flange and bolt heads taking 
into account the design turning of each bolt at which 
the design stress is ensured. After marking each bolt, 
the bolts are completely tightened up in turn at two 
opposite ends of the diameter. The bolts are preheated; 
before preheating they are loosened one turn and 
under the bolt head asbestos cord or sheet asbestos 
is placed. The bolt is heated from the butt end of the 
head using an oxy-gasoline cutting torch or some 
other gas burners up to a temperature of 550 to 600°C 
as measured at the depth of 8 to 10 mm from the 
surface. Heating is to be performed gradually within 
not less than 15 minutes. In doing this care must be 
taken to ensure that the temperature at the root of 
the hexagonal bolt head is not in excess of 350 to 
400°C. The temperature is checked with the help 
of a thermocouple and a galvanometer or a tempe¬ 
rature detector. After heating is ceased, the bolt is 
allowed to cool down for 15 minutes and then it is 
screwed up to the coincidence of marks made on the 
bolt head and flange. 


154 


Moro yAJIHHeHHH 3aBHCHT KaK OT AJIHHBI Sojitob, TaK 
h ot Maxepnajia, H3 KOToporo ohh H3roTOBjieHti. A6co- 
nioTHoe 3HaneHHe b Ka>KAOM otacjibhom cjiynae aojbkho 
onpeneJiHTBCH, hcxoah H3 npHHHTbix npoeKTOM Hanpn- 
HceHHH: b dojiTax. Oho mojkct 6bitl noAcmnaHO no 

BeJIHHHHC OTHOCHTeJILHOrO yAJIHHeHHH 8 = CrE, TAe 
a — AonycTHMoe pacueTOM HanpH>KeHne b doJiTax, 
ktc/cm 2 ; E — MOAyJii> ynpyrocTH; ajih crajm £=2,10X 
X 10 6 Krc/cM 2 . 

IIOACUHTaB BeJIHHHHy OTHOCHTeJILHOrO yAJIHHeHHH, 
mo>kho onpeAeJiHTB adcojnoTHoe 3HaneiiHe TpedyeMoro 
yAJIHHeHHH dojiTa. X(jih stoto HaAO nojiyneHiiyio bcjih- 
HHHy yMHOKHTB Ha AJIHHy dOJITa, BKJHOHaH nOJIOBHHy 
bbicotbi raHKH. 

TEpHMeHHeTCH Taione xojiOAnan 3aTH>KKa dojiTOB no 
yrjiy hx noBopoTa, 3tot cnocod cboahtch k cjieAyio- 
meMy: dojiTBi npe ab apHTe jibho 3aTHrHBaiOT h npoBe- 
pnioT coBepmeHHO Tan >Ke, KaK h npn TepMHnecKOH 
3aTH>KKe. 3aTeM pa3MenaioT phckh c yneTOM Tpedye¬ 
Moro noBopoTa Ka>KAoro dojrra npn ero OKOHnaTejiBHOH 
3aTHH<Ke. Ilocjie 3Toro 3 aTHrHB aiOT dojiTBi c noMonjBio 
KpaHa HJIH MexaHH3Hp OB aHHbIM KJIIOHOM AO COBMeine- 
hhh phcok Ha rojiOBKe dojiTa h Ha (jjJiaHne jionacTH. 
YroJi noBopoTa dojiTa 3aAaiOT Ha ocHOBaHHH SKcnepn- 
MeHTajiBHbix Aaiiiibix, nojiyneHHbix Ha stom padoneM 
KOJiece no 3aMepaM oTHOCHTejiBHoro yAJIHHeHHH. Ilocjie 
3aTH>KKH Bcex dojiTOB KpenjieHHH jionacTeH b bbitohkh, 
CACJiaHiibie Ha jionacTHx noA tojiobkh dojiTOB, BBapH- 
BaiOT 3arjiyniKH H3 jihctoboh CTajin hjih 3adHBaiOT 
AydoBbie npodKH, Hapy>KiibiH Konen; KOTopbix odpa- 
daxbiBaiOT 3anoAJiHAO c Hapy>KHOH noBepxHOCTBio 
(jjJiaHna JionacTH. 

YnjioTHeHHH JionacTeH padonnx 
k o ji e c, o KOTopbix roBopnjiocB b n. B nacTonmero 
naparpa(|)a. He aojbkhbi nponycnaTB Macjio. 3to 3aBH- 
cht He tojibko ot K0HCTpyKii,HH , ho h ot KanecTBa 
cdopKH npn MOHTa>Ke. IIo3TOMy ycTaHOBKa h peryjin- 
poBKa ynjiOTHeHHH TpedyiOT ocodoii TinaTe jibho cth h 
doJiBmoro HaBbiKa HcnojimrrejiH. 

YnjioTHeHHe noA c^JiaHneM jionacTH (pnc. 69, a) 
codnpaioT b cjieAyiomeM nopHAKe. ITpudbiBrnee Ha 
cTpoHTejiBCTBO codpaHHoe ynjioTHeHHe TinaTejiBHo oc- 
MaTpHBaiOT, BIIJIOTB AO pa3dopKH OTACJIBHbIX npy>KHH- 
Hbix h ynjioTHHiouiHx KOJieA. Tojibko nocjie Toro, KaK 
dyAeT nojiHan yBepeHHocTB b tom, hto KOJiBna He noB- 
pencAeHbi, hx mo>kho craBHTB Ha KOpnyc padonero 
KOJieca. Ilpn peryjinpoBKe ynjiOTHeHHH cjieAyeT ocodoe 
BHHMaHHe odpainaTB Ha paBHOMepHO ctb HaTnra raeK 
Ha mnnjiBKax (no3. 2 Ha pnc. 69, a). IIpH stom ynjioT¬ 
HeHHe AOJDKHO dbITB OTperyJIHpOBaHO TaK, HTOdbl 
nocjie ycTaHOBKH JionacTH dbui odecnenen HaTnr dpoH- 
30Boro npy>KHHHoro KOJiBAa (no3. 5 Ha pnc. 69, a) 
npHMepHO b 4 —5 mm, HTodbi BbicoTa ynjiOTHeHHH, 3aMe- 
peHiian ot (JjjiaHna BTyjiKH ao napy>KHOH noBepxHOCTH 
KOHcaHoro kojibas, dbuia Ha 4—5 mm dojiBine cootbct- 
CTByioiAero 3a3opa Me>KAy BTyjiKOH h jionacTBio. Ilocjie 
ycTaHOBKH ynjiOTHeHHH h ao HaBecKH jionacTeH Heodxo- 
Ahmo npoBepHTB BbicoTy Bcex innnjieK KpenjieHHH 
ynjiOTHeHHH h rjiydnHy cooTBeTCTByioiAeH bbitohkh Ha 


Elongation of bolts is measured after they are cooled 
completely. The difference in dimensions measured 
after the bolt tightening and prior to it is considered 
to be the value of the actual elongation of each bolt. 
The value of permissible elongation of the bolt is 
governed by the length of bolts and by their material. 
In each individual case the absolute value of elonga¬ 
tion should be determined proceeding from the design 
stresses in the bolts. It can be calculated from the 
value of the relative elongation 8 = aE, where a is 
the design allowable stress in the bolts, in kgf/cm 2 , E 
is the elasticity modulus (for steel E=2.10TO 6 kgf/cm 2 ). 

On determining the value of relative elongation 
the absolute value of required elongation of each 
bolt can be found. To this end, the value obtained 
is to be multiplied by the length of the bolt including 
a half of the nut height. 

Cold tightening of bolts according to the angle of 
bolt turning is also used. This method consists in 
the following: the bolts are previously tightened and 
checked in the same way as in the case of thermal 
tightening. Then marks are made, with consideration 
of the required turn of each bolt when tightening 
it finally. Then the bolts are tightened with the help 
of a crane or a power wrench, up to the coincidence 
of marks on the bolt head and on the blade flange. 
The turn angle of the bolt is specified on the basis 
of experimental data obtained at this runner when 
measuring relative elongation. On tightening all the 
bolts securing the blades, sheet steel end caps are 
welded into the bores made on the blades for the 
bolt heads or oak plugs are forced in and the outer 
ends of plugs are trimmed flush with the outside sur¬ 
face of the blade flange. 

The runner blade seals which have 
been mentioned in Subsection C of this Section are to 
be oil-tight. This depends not only on the runner design 
but also on the quality of erection work. For this reason, 
installation and adjustment of seals require special 
care and great skill from the mounters. 

The seal under the blade flange (Fig. 69, a) is 
assembled as follows. On delivery to the project site 
the assembled seal is inspected carefully, sometimes 
involving the dismantling of individual snap and seal 
rings. Only after making sure that the rings are in 
good working condition they may be installed in 
the runner. While adjusting the seal, special attention 
should be given to the uniformity of tightening the 
nuts on stud bolts (Ref. No. 12 in Fig. 69, a). In doing 
this, the seal is to be adjusted so that after the blade 
is installed, the negative allowance of the bronze 
snap ring (Ref. No. 5 in Fig. 69 a) is about 4 or 5 mm 
and that the height of the seal measured from the 
hub flange up to the outside surface of the leather 
ring is 4 or 5 mm greater than the corresponding 
gap between the hub and the blade. After the seals 
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(fmarnje nonacreH, htoGbi yGeAHTBcn b HanHHHH Heo'G- 
xo^HMoro 3a3opa. 

Hapy>KHoe ynnoTHeHHe (pnc. 69, 6) coGnpaiOT oaho- 
BpeMeHHO c ycTaHOBKOH AonacreH. HauHHaxox c xoro, 
hto npH>KHMHbie npy>KHiibi 4 yCTaHaBjiHBaiOT b rne3Aa, 
pacnojio>KeHHbie no KOABijy, nocjie uero noABeniHBaiox 
Ha cnennajibiibie ijHAHHApHHecKHe uith^tbi BHyTpeH- 
Hee Ha>KHMHOe KOJIBIJO 3, 3tH LUTHC{)TbI (f)HKCHpyiOT 
nojio>KeHHe KOABija 3 otho chtcabho BTyAKH paGonero 
Kojieca bo BpeMH cGopKH. 3aTeM b nopHAKe, y>ne 
paccMOTpeHHOM Bbirne, MOHTHpyiox JionacTb c nane- 
meHHbiM Ha Hee yruioTimTejibiibiM pe3HHOBbiM ko- 
jilijom 2. 

Kor^a JionacxH nocTaBJiei-ibi, uepea pe3b6oBoe oTBep- 
CTHe 5 cneAnajiLHbiMH GoirraMH oTHamaiOT BHyTpeHHee 
Ha>KHMHoe KOJibijo 3 , oKHMaiomee npy>KHHbi 4, hto 
n03B0JIHeT yCTaHOBHTb B THC3JXO ynJIOTHHTCJIbHOe pe 3 H- 
HOBoe KOjibHO 2 y KOTopoe 3aTeM npn>KHMaiOT Hapy>K- 
HbiM Ha>KHMHbiM koabijom LUocjic 3TOrO HaXOAHLUHeCA B 
pe3b60BbIX OTBepCTHHX 5 BpeMeHHbie OT>KHMHbie GoATBI 
BbiBepTbiBaiOT, a oTBepcTH h 5 3aBapHBaioT 3arjiyuiKaMH. 
Ha 3tom h 3aKaHHHB aeTcn cGopna Hapy>KHbix ynnoT- 
HeHHH ; HHKaKOH peryjiHpOBKH hx He xpeGyexoi. 3 kc- 
njiyaxaAHOHHbie KauecxBa othx ynjiOTHeHHH Bnojme 
xoponm. 

flHHqe p a 6 o h h x KOJiec npn HaAHHHH 
Ha cSopohhoh nnomaAKe AByx hjih 6ojiee MecT ajih 
cGopun oGbihho 3apaHee CTaBax Ha TyMGbi pe3epBHoro 
Mecxa, Ky^a 3aTeM uoruockt paGonee Koneco, htoGbi 
npHcoeAHHHTb k HeMy GoATaMH AHHina. Ecah >Ke Ha 
MOHxaHCHOH nAorqaAKe HMeexcn toabko oahh ctcha AA>i 
cGopKH paGonero Kojieca, to codpaimoe paGonee kojicco 
c noMOiqbio no a beAinoro npncnocoGjieHHH h kpbihikh, 
Hcnojib3yeMon cneijHajibHO Rim nepeHOCKH, noAHH- 
MaiOT H 0TB03HT B CTOpOHy OAHHM H3 KpaHOB H, nOKa 
oho A^p>KHTCH Ha* Becy, ApyrHM KpaHOM y CTaHaB ah- 
BaioT AHHn^e Ha TyrnGti hjih Ha cnemHajibHbm MOHxa>K~ 
hbih creHA. 3aTeM paGonee KOJieco noAB03HT k CTeiiAy, 
trc k HeMy GojrraMH npHKpenjmiOT AHHiue. HtoGbi 
npeAOTBpaTHTb npoTenKH, mokay conpnraeMbiMH njioc- 
KOCTHMH BTyJIKH paGOHCrO KOAeca H AHHIIja 3ai<AaABi- 
Baiox ynjiOTHHTejibHoe koabijo H3 KpyrnoH MacAOCTOH- 
KOH pe3HHbI. 


>K» rS 13 PABJIM^ECKOE HCII&iTAHIiE 
PAEOHHX KOJIEC 

Bee paGonne KOAeca noBopoTHo-AonacTHbix mRpo- 
TypGHH nocne cGopKH hx Ha cGopoHHon nAomaAKe 
F3C noABepraioT rn Ap as jnraecKOMy HcnbiTaHHio ncnbi- 
TaTeAbHbiM AaBAeHHeM b Teneime 24 n npn TeMnepa- 
Type paGonero Koneca, a cAeAOBaTejiBHo, h Macna, 
He HH>Ke 10°C. 3to A^Aaiox, htoGbi yGeAHTBcn b OTcyx- 
ctbhh npoTeneK b MecTax conpnH<eiiHH cjmaHAeB 11 
nepe3 ynAOXHeHHH AonacTen. HcnbiTaTeAbHoe AaBAenne 


are installed and the blades are brought into the hub 
and secured, the height of all the stud bolts securing 
the seal and the depth of the corresponding bore 
in the blade flange are to be checked in order to be 
sure that the appropriate clearance is available. 

The outside seal (Fig. 69, b) is assembled simul¬ 
taneously with the installation of the blades. This 
operation is started with placing hold-down springs 
4 into their seats arranged around the circle and then 
internal hold-down ring 3 is suspended from special 
cylindrical pins. These pins fix ring 3 in position in 
respect to the runner hub during assembling. Then 
the blade with rubber sealing ring 2 suspended from 
it is mounted as described above. 

After installation of blades inside hold-down ring 3 
compressing springs 4 is pulled off with the help of 
special bolts through threaded hole 5. This enables 
placing into the seat sealing rubber ring 2 which is 
then pressed with the help of outside hold-down ring J. 
Then temporary puller bolts inserted in threaded 
holes 5 are screwed out and holes 5 are welded up with 
dead ends. At this stage assembling of outer seals is 
finished; no adjustment is required. The operational 
properties of these seals are quite good. 

The runner bottom provided two or more 
free places for assembling are available in the erection 
bay, is usually placed on pillar supports beforehand 
in case a vacant area is provided on the assembly 
floor for- two or more places. Then the runner is deli¬ 
vered to be bolted to the bottom. In case only one stand 
for runner erection is available on the assembly floor, 
the assembled runner is hoisted with the help of a 
lifting device and a special handling cover and carried 
aside by one of the cranes. While the runner is held 
by the crane, another crane puts the bottom on the 
pillar supports or onto a special erection stand. Then 
the runner is carried to the stand and bolted to the 
bottom to prevent leakages, a sealing ring of round 
oil-proof rubber is placed at the joints between the 
runner hub and the bottom. 


G> HYDRAULIC TEST OF RUNNERS 

All the runners of adjustable-blade hydraulic tur¬ 
bines after being assembled on the hydroelectric plant 
assembly bay are subjected to hydraulic test at a test 
pressure applied within 24 hours, the runner tempe¬ 
rature (and hence the oil temperature) being not less 
than 10°C. These tests are necessary to make sure that 
no oil leakages occur through flange joints and blade 
seals. The test pressure is usually to be equal to the 
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oGbihho GepyT pamibiM Tpoimon BbicoTe MacAHHoro 
cxonGa, cuixraA ot hh>khch nonocTH Macna bo BTynne 
paGonero KOAeca ao BaHHbi MacAonpneMHHKa. Hcribi- 
TaHHe npoH3BOAHT ao ycTaHOBKH moKHero Konyca, 
HTO n 03 B 0 AHeT BH3yaAbH0 HafiAIOAaTb 3a npOTCHKaMH, 
KOTOpbie moryx 6bm> b MecTax coiipH>KeimH ahhlua co 

BTyAKOH. 

IlepeA rHApaBAHuecKHM HcnbrraHHeM KpbiiHKy paGo- 
qero KOAeca yCTaHaB ahb aiOT Ha BTyAKy c cootb eTCTBy io - 
iahm ynAOTHeHHeM, h HMeiomnecH b Hen otbcpcthh 
noA Goatbi KpenACHHH 3arAymaioT. IIl,eAb Me>KAy 
IUTOKOM H KpblUIKOH 3aAeAbIBaiOT CneiJHaAbHblM npn- 
CnOCOGAeHHeM C Ha>KHMHbIM KOAbAOM H pe3HHOBbIM 
uiHypoM. MacAO bo BTyAKy 3aAHBaiOT nepe3 bchthab, 
pacnoAOHceHHbiH b ahhiac paGouero KOAeca. MacAO 
noAaiOT H3 AHCTepHbi hah H3 MacJioxosmrcTBa HacocoM 
nepe3 4>HAbTp-npecc. IIpH sxom HaAO oGecnenHTb bbi- 
nycK B03Ayxa, BbixecHneMoro MacAOM H3 noAOCTH 
BTyAKH. J3.AH 3TOH AeAH CAy>KHT BCHTHAb, BBepHyTblH 
b pe3b6oBoe oTBepcrae, pacnoAOAceHHoe b BepxHen 
uacTH BTyAKH KOAeca. Kan toabko BTyAKa noAHOcrbio 
3anOAHHeTCA MacAOM, BepXHHH BeHTHAb 3aKpbIBaeTCH 
h Hacoc OTKAionaeTCH, a BMecTo Hero BKAionaeTcn 
rHAponpecc c pyHHbiM hah motophbim npHBOAOM, c 
nOMOIUBK) KOTOpOrO C03AaeTCH B nOAOCTH BTyAKH Tpe- 
GyeMoe HcnbiTaTeAbHoe AaBAeHHe. IIpH stom noAO- 
>KeHHe AonacxeH hsmchhiox ot noAHocTbio OTKpbiToro 
AO noAHocTbio 3aKpbiToro, npnneM b Ka>KAOM H3 Tpex 
nOAOHCeHHH (OTKpbITOM, CpCAHeM H 3ai<pbITOM) KOAeCO 
BbIAep>KHBaK)T no 8 H. 

PaGouee koacco CHHTaercH BbiAep>i<aBHiHM rHApaB- 
AHnecKoe HcnbiTaHHe, ecAH npn otom He Gy act npOTe- 
neK MacAa Me>KAy h eno abhachbimh coeAHHeHHHMH, a 
cyTOHHbie npoTeHKH uepe3 yruioTHeHHH Ka>i<AOH Aona- 
cth He npeBbiCHT cjieAyioiunx bcahhhh, onpeAeAeHHbix 
TexHHnecKHMH ycAOBHHMH Ha mohtujk rHApoarperaTOB : 

JlnaAieTp pa6o^ero 

KOJieca, mm. Ho 3000 3000-5000 5000-7200 7200-9300 

KojnraecTBO 
BbiTeKinero Macjia, 

ji.0,10 0,15 0,18 0,20 


3, 3AEAJIABCPPOBKA PAKQHMX KOJIEC 

J(ah npeAOTBpameHHH npe3MepHOH BHGpaqHH po- 
Topa THApoTypGHHbi HeoGxoAHMO, htoGbi Macca paGo- 
Hero KOAeca npn ero BpameHHH Gbma ypaBHOBemeHa. 
C 3toh ueAbio Bee paGonne KOAeca THApoTypGHH noA- 
BepraiOTCH cTaTHHecKofi GaAaiicnpoBKe, npoH3BOAHMOH 
ahGo b npouecce hx H3roTOBAeHHH Ha 3aBOAe, ahGo b 
npoijecce hx Momanca Ha rHAposAeKTpocTaHAHHx. PaGo- 
HHe KOAeca noBopoTHo-AonacTHbix THApoTypGHH npo- 
XOAHT Ha 3aBOAe KOHTpOABHyiO cGopI<y, npn KOTOpOH 
H npOH3BOAHTCH HX CTaTHHeCKUH GaAaHCHpoBKa. TaK>Ke 
Ha 3aBOAe GanaHcnpyiOT h u,eAbHbie KOAeca paAHaABHo- 


triple height of the oil column (this height measured 
from the lowest oil space in the runner hub up to the 
oil supply head bath). The test is carried out prior to 
installing the lower cone so as to provide for visual 
control of leaks which may occur at the joints between 
the runner bottom and hub. 

Prior to hydraulic tests, the runner cover is placed 
onto the hub with a corresponding seal. The bolt 
holes in the turbine cover are plugged. The slit bet¬ 
ween the reach rod and the cover is sealed with the 
help of a special device comprising a pressure ring and 
a rubber cord. Oil is poured into the hub through 
a valve arranged in the runner bottom. Oil is supplied 
from a tank car or from hydroelectric plant oil facilities 
using a pump and a pressure filter. Air displaced by 
oil from the space in the hub should be discharged. 
For this purpose a valve screwed into a threaded 
bore in the upper part of the runner hub is provided. 
As soon as the hub is completely filled with oil, the 
upper valve is closed and the oil is shut off. Instead 
of the oil pump a manually operated or powered 
hydraulic press is switched on and with the help of 
this press the required test pressure is built up and 
maintained. In the process the position of blades is 
varied from full opening to full closure and in each 
of the three positions (full opening, intermediate and 
full closure) the runner is held at the test pressure within 
8 hours. 

The runner may be considered as passed hydraulic 
tests in case no oil leak occurs at immobile joints and 
the daily rates of leaks through seals of each blade 
are not in excess of the following values preset by 
specifications for erection of hydraulic turbines and 
generators: 

Runner 

diameter, 

mm . .. Up to 3,000 3,000—5,000 5,000—7,200 7,200—9,300 

Amount 

of oil 

escaped, 

litres. . . 0.10 0.15 0.18 0.20 


ih RUNNER BALANCING 

In order to prevent excessive vibration of the 
hydraulic turbine rotating parts it is necessary to 
counterbalance the mass of the rotating runner. For 
this purpose all the runners of hydraulic turbines are 
subjected to static balancing performed either in the 
process of the turbine manufacturing at the manufactur¬ 
ing plant or during erection of turbines at hydroelectric 
plants. The runners of adjustable-blade turbines are 
subjected to control assembly at the manufacturing 
plant and their static balancing is performed during 
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oceBbix nmpoTypSm. Koneca nee pa^najiBHo-oceBbix 
rH Apoxy p6hh, coeAHHneMBie Ha MOHTa>Ke H3 oxacjib- 
hbix HacTeii c noMomtio cBapKH 3 KpenjieHHH SaHAanc- 
hbimh hjih ApyrHMH KpennmHMH ycTpOHCTBOMH, fiajiaH- 
CHpyioT Ha Mecxe MOHTanca, jrjik Hero nojiB3yioxcH 
cnei^najibHbiM npHcnocoSjieHHeM, npncbiJiaeMBiM 3aBO- 
^OM-H3rOTOBHTeJieM THAP0Typ6HH. BaJiaHCHpOBOHHOe 
npHcnocoSjieHHe mjth KpynHbix rHApoxypSHH npeAexaB- 
jinex codon ycTpOHCTBOj cocxonmee H3 onopHOH xyMfibi 

1 C OnOpHOH CXaJIBHOH, 3aKaJieHIIOH H HIJIH(f)OBaHHOH 

hjihxoh 2 h rnapa (hjih nojiyuiapa) 3, BCTpoeHHoro b 
KOHCT pyKi^Hio 4 , npHKpenjiHeMyio k paSoueMy KOJiecy 
5 bo BpeMH ero fiajiaHcnpoBKH (pnc. 80). 

UxoSbi oSecneHHTb ycxonuHBoe nojio>i<eHHe pa6o- 
uero KOJieca bo BpeMH dajiaiiCHpOBKH, npHcnocoOjiemie 
AejiaiOT c TaKHM pacueTOM, hto6bi npn y'cxaHOBKe Ha 
Hero paOonero KOJieca ijeHxp xnncecxH nocjieAHero 
pacnoJiaraJicH hcckojibko HH>Ke ueiiTpa mapa. KpOMe 
xoro, oSecneHHBaeTCH B03M0>KH0CTb peryjinpoBKH Bbi- 
coTHoro nojiOHceHHH uiapa. 

EajiaHCHpoBKa paSounx KOJiec Ha MOHxa>i<e oSbihho 
npOHcxo^HT cjie^yioujHM o6pa30M. OnopHyio xyM6y 
CTaBHT Ha MOHTa>KHyK) nJIHTy XaK, HTOSbl BepXHHH 
hijih(|)ob aHHan njiocKOCTb SbiJia crporo ropH30HTajiLHa. 
r0pH30HTaJILH0CTb npOBepHIOT JXJ1K KOJiec, HMeiOmHX 
cKopocTb BpameHHH 250 o6/mhh, ypoBHeM nepBoii 
rpynnbi, a A-M KOJiec, paSoxaioiipix npn MeHbmnx 
ooopoxax, — ypoBHeM Bxopoii rpynnbi. TopH30HxajiB- 
hbim npaKXHHecKH cHHxaexcH TaKoe nojio>KeHHe, npn 
KoxopoM oxKJioHeHHe MeHHCKa ypoBHH, ycxaHaBjiHBae- 
Moro b flByx B3aHMH0 npoTHBonojio>KHbix HanpaBJie- 
hhhx, He npeBbimaex OAHoro AejieiiHH b xy hjih Apyryio 
cxopOHy. 3xo cooxBexcTByex oxKJiOHeHHio ox xeopexn- 
HeCKOH r0pH30HXaJIbH0H jihhhh, paBHOMy 0T 0,02 AO 
0,05 mm Ha 1 m AJiHHbi npn H3MepeHHH ypoBHeM nepBOH 
rpynnbi h ot 0,06 ao 0,1 mm npn H3MepeHHH ypoBHeM 
BxopoH rpynnbi. 

MexajniHHecKHe noAKJiaAKH, noMemaeMbie rjih. bbi- 
paBHHBaHHH xyM0bi noA ee ocHOBaHne, aojihchbi o6ec- 
nenHBaxh HeH3MeHHOCXb nojionceHHH xyMObi nocjie 


this control assembly. Balancing of integral runners 
of radial-axial (Francis) turbines is performed at the 
manufacturing plant too. The runners of radial-axial 
hydraulic turbines assembled of separate parts at the 
project site by welding, by strengthening bands, or by 
other devices are to be balanced at the assembly site 
with the help of a special device supplied by the turbine 
Manufacturer. The balancing device for large hydraulic 
turbines comprises support pillar 1 with a hardened 
and ground steel support plate 2 and ball (or semi¬ 
ball) 3 built into fixture 4 attached to runner 5 during 
balancing (Fig. 80). 

In order to provide for a stable position of the 
runner during balancing, the balancing device is made 
so that, with the runner installed in it, the centre of 
gravity of the runner is somewhat below the centre 
of the ball. Besides, provision is made for adjusting 
the ball in the vertical position. 

Usually the runners are balancing in the course 
of assembly in the following way. The support pillar 
is installed on the assembly slab so as to provide for 
a strictly horizontal position of the ground top surface. 
The runners with rotational speed of 250 rpm and 
higher are checked for levelling with the help of a 
first-class level and those with a lower rotational 
speed are checked with the help of a second-class 
level. The position of the level may be considered 
practically horizontal if the deviation of the level 
tube bubble, with the level installed in two mutually 
opposite directions, is not in excess of one reading 
in either direction. This corresponds to the deviation 
from the theoretical horizontal line amounting to 
0.02 to 0.05 mm per 1 m of length for measurements 
carried out with the help of the first-class level and to 
0.06 to 0.1 mm when measuring with the help of a 
second-class level. 
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ycxaHOBKH Ha Hee pafiouero KOJieca. Padonee Kojieco 
AOJihcho 6 bixb nojiHocxBio codpaHo, a ecjin npeAycMO- 
xpeHa MexaHHHecKan odpadoxna Ha MOHxa>Ke, xo odpa- 
doxaHO ao nauajia dajiaHCHpOBKH. 

KoHCxpyKAHio c rnapoM npHKpenjiHiox k padoneMy 
KOJiecy xaK, uxodbi ijeHxp mapa pacnojiarajicn cxporo 
no och padouero KOJieca h dt>ui 3 HanHxejiBHo Btime 
TeopexHuecKH noACUHxaHHoro rjeiixpa xHHcecxn padouero 
KOJieca BMecxe c npHKpenjieHHbiM k HeMy npncnocod- 
jieHHeM. BejiHHHHa sxoro 3 aBbimeHHH 3 aAaexcn 3 aBOAOM 
b 3 aBHCHMOCXH ox KOHCxpyKijHH KOJieca. 

Padonee Kojieco BMecxe c npHKpenjieHHbiM k HeMy 
rnapoM ycxaHaBJiHBaiox Ha onopHyio xyMdy, npn 3 xom 
ero ycxoiiHHBOCXb Ha Hen npoBepniox npn ocjiadjieHHbix, 
ho He oxcxponjieHHbix xpocax c xeM, nxodbi H 3 de>Kaxb 
B 03 Mo>KHoro onpoKH abib uhhh KOJieca. 

KpoMe xoro, uxodbi Kojieco He onpoKHAbmajiocB, 
noA ero odoA c HeKOTopbiM 3 a 3 opoM, odecneuHBaioiAHM 
CBodoAHbie KOJiedaHHH KOJieca, cxaBHx MexajuiHuecKHe 
xyMdbi hjih AepeBHHHbie dpycBH. Ilocjie xoro KaK Kojieco 
nocxaBJieHo Ha danaHcupoBonnyio xyMdy, Ha BepXHHH 
ero odoA ycxaHaBJiHBaiox Ha oahhukobom paccxoHHHH 
ox ijeHxpa nexbipe oAHHaKOBbix ypOBHH nepBOH hjih 
BT opofi rpynnbi. B njiaHe sxh ypOBHH pacnojiaraiox 
B 3 aHMH 0 nepneHAHKyjiHpHO no A^aMexpaM odoAa, uxo 
HCKJHonaex oihh 6 kh H 3 - 3 a hx codcxBeHHbix BecoB. 
Jlajiee, HaKJia abib an rpy 3 Ha odoA c JierKOH cxopoHbi 
KOJieca, AodHBaioxcH xoro, nxodbi BepXHHH njiocKOCXB 
odoAa dbuia cxporo ropH 30 Hxajn>HOH. 

BnojiHe noHHXHo, nxo ueM dojibme paccxoHHne ox 
Aeiixpa TH>KecxH padonero KOJieca ao ijeHxpa mapa, 
xeM MeHBme uyBCXBHxejiBHocxB sxoro npHcnocodjieHHH. 
IIosxoMy BejiHHHHa paccxoHHHH ox ijeHxpa xninecxH ao 
A eHxpa mapa perjiaMeHXHpyexcn 3 aBOAOM-H 3 roxoBHxe- 
JieM, npnqeM rjw Ka>KAoro xnna KOJieca oxacjibho. 
rioAcnex sxoh BejiHHHHbi npoH 3 BOAHXCH no (jpopMyjie: 

^ PR — G[i 

z, = -, 

G sin a 

rue Z — paccTOHHue ot uempa mapa ro ^encTByioiiiero ueHTpa 
Ta>KecTn, cm; P — npHJio>KeHHaH k o6ory cnjia (rpy3), Krc; 
R ~ pa^nyc nppiJio>KeimH rpy3a, cm; G — Macca pado^ero KOJieca 
BMecTe c BepxHeH Ka^aioiuencH ^acTtio npHcnocoSJieHHH, nr; 
[l — K03(J)(J)HUHeHT TpeHHH KaHCHHH, paBHBIH 0,001 — 0,0015; 
a — yroji otkjiohchhh och BpameHHH KOJieca ot BepTHKajiH. 

Ecjih BejiHUHiia Z npeBbicnx yKa 3 aHHyio b HHexpyK- 
Ahh 3 aBOAa, xo rjir npHAUHHH dojiBmen nyBCXBHxejiB- 
hocxh ee aoboahx c noMOiABio peryjinpoBOHHbix ycx- 
Pohcxb ao xpedyeMoro 3 HaneHHH. 

C yBeJiHneHHeM ny bctbH xejiBHoexH npncnocodjieHHH 
CHcxeMa, dyAynn ypaBHOBemeHHOH paHee, MO>Kex Hapy- 
uihxb cBoe paBHOBecne, h BepXHHH njiocKOCXB odoAa 
otkjiohhxch ox ropH 30 HxajiH. BoccxaHOBJieHHe ropH- 
30 HxajiBHoro nojionceHHH npOH 3 BOAHXCH nyxeM KoppeK- 
XHpOBKH BejiHHHHbi ycxaHOBJieHHoro paHee rpy 3 a. IIpH- 


Steel shims placed under the pillar base to level 
the pillar shall provide for stability of its position with 
the runner placed on it. The runner shall be com¬ 
pletely assembled and in case some machining at the 
project site is required, it is to be performed prior to 
balancing. 

The fixture with the ball is to be fastened to the 
runner so that the centre of the ball is located strictly 
on the runner centre line and is considerably higher 
than the design centre of gravity of the runner with 
the erection device fastened to it. This excess height 
is present by the Manufacturer depending on the runner 
design. 

The runner with the ball attached to it is positioned 
on the pillar and its stability is checked with slackened 
(but not unslinged) cables to avoid the runner turning 
over. 

Besides, to prevent the runner overturning steel 
pillars or wooden bars are placed under the runner rim. 
A certain clearance is left to provide for free vibrations 
of the runner. After the runner is placed onto the 
balancing pillar four similar first-class or second-class 
levels are installed on the runner top rim, at equal 
distances from the centre. These levels are placed on 
the ends of two diameters perpendicular to each other, 
thus eliminating errors due to levels own masses. 
Then the upper plane of the rim is brought into a 
strictly horizontal position by placing weights on the 
lighter side of the runner. 

It is quite clear that the greater the distance from 
the runner centre of gravity to the ball centre the less 
is the sensitivity of this device. For this reason, the 
manufacturing plants specify distances from the centre 
of gravity to the ball centre for each type of runners. 
This value is calculated from the formula: 

^ PR — Gy. 

z —- j 

G • sin a 

where Z is the distance from the ball centre to the effective 
centre of gravity, cm; P is the force (weight) applied to the run¬ 
ner rim, kgf; R is the radius of the weight application point, 
cm; G is the mass of the runner together with the upper pivoting 
part of the balancing device, kg; [x is the coefficient of rolling 
friction equalling 0.001 to 0.0015; a is the angle of vertical 
deflection of the axis of runner rotation. 

When Z is in excess of the value specified in the 
manufacturing plant instructions, it is brought up 
to the required value with the help of adjustment 
devices in order to increase sensitivity. 

With an increase in sensitivity the equilibrium of 
the system balanced earlier may be disturbed and the 
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b tjxft b p^BHOBecne cncteMy npn noBBinieHHOH uyBCTBH- 

TeJIbHOCTH XIpHCn 0 C 06 jieHHH, OnpeACJIHIOT B03M0>KHbIH 

ocTaBiiiHHCH HebanaHC pabonero Koneca, Bbi3biBaeMbiH 
HHepAneH GHCTeMbi h TpeHHeM b onopHbix nacTHx npH- 
cnocobneHHH. Jinn 3Toro noonepeAHO HaiciaABiBaiOT 
cooTBeTCTByioiAne rpy3bi Ha oboA KOJieca b bocbmh 
HJIH UieCTH paBHOMCpHO H Ha OAHHaKOBOM paCCTOHHHH 
ot ijeHTpa pacnojiOHceHHbix TOHKax. Fpy3bi naiuiaABi- 
BaiOT TaKne, htoSbi CHCTeMa Bbinuia H3 paBHOBecun h 
nonyHHJia paBHOMepnoe h HeboAbmoe OTKjiOHeHHe oboAa 
ot ropH30HTajin, nopHAKa OAHoro-AHyx acachhh no 
ypOBHIO. FtpaKTHHeCKH 3T0T Tpy3 A^H KOJieC KpynHbIX 
rHApOTyp6nH SbiBaeT paBHbiM 500—800 rc npn paAHyce 
KpenjxeHHH 1500 — 2000 mm. 

BejiHHHHa ocTaBinerocH HebanaHca onpeAeJineTCH 
nan noJiycyMMa pa3HHAbi MOKAy MaKCHMajibHbiM h 
MHHHM aJIbHblM TpySaMH, BbIBOAHIAHMH CHCTCMy H3 
p aBHOB ecHH: 

n — FjyiaKC — P MHH 

Q “ 2 

ypaBHOBeniHBaioxAHH rpy3 Q npHKpennmoT b toS 
TOHKe, B KOTOpOH AHH BblBCAeHHH CHCTeMbI H3 paBHO- 
BecHH npHKJiaABiBancH MaKCHMantHbiH rpy3 F MaKC • 
Ilocjie OKOHnaTejtbHoro ypaBHOBeuiHBaHHH pabonero 
KOJieca OajiaHCHpyioitiiHe rpy3bi naAOKHO 3aKpenjiHiOT 
c yneTOM pa 3 BHBaeMbix rpy30M ACHTpobe>KHbix chji 
npn pa3roHHOM nncjie obopoTOB rHApoarperaTa. 

OKOHnaTejibHyio npOBepKy banancnpOBKH KOJieca 
npoH3BOAHT nocne 3 aKpenneHHH rpy30B. npn stom 
KOJ ieco cnuTaeTCH yAOBJieTBopHTejibHO OTbanaHcnpo- 
BaHHbiM, ecnH MHHHMajibHbiH rpy3, npHKJiaAbiBaeMbiH 
nonepeMeHHo b npoTHBonono>KHbix HanpaBjieHHHx Ha 
oahom h tom >Ke paAHyce, by act otkaohatb pabonee 
Koneco Ha oAHHanoBbiH yron. 


H. YCTAHOBKA POTOPA rHflPOTypBHHH 
B KPATIP ATPEFATA 

YcTaHaBAHBaTb pOTop rn ApoTyp6 hhbi b KpaTep 
rHApoarperaTa mohcho ah bo acahkom, T.e. pabonee 
Koneco BMecxe c BanoM, ah6o no uacTHM, T.e. otacabho 
pabonee KOAeco h otacabho BaA. Bbibop Toro hah Apy - 
roro cnocoba 3aBHCHT ot Beca h pa3MepoB poTopa 
rHApoTypSnHbi, a TaK>Ke ot rpy3onoA beMnocxH KpaHa 
h ero Bbmoca. B cnynae pa3AeAtHOH ycraHOBKH b Kpa¬ 
Tep rHApoarperaTa CHanana onycnaiOT pabonee KOAeco, 
a y>Ke 3aTeM BaA, KOTOpbin npHCoeAHHHiOT k paboneMy 
KOAecy HenocpeACTBeHHO Ha MecTe MOHTa>Ka. 

Boatbi coeAHHeHHH 4)AaHAa Bana c pabomiM Kone- 
com A^AaiOT npHnacoBomibiMH, a oTBepCTHH bo (|)jiaH- 
Aax noA hhx o6biuho pa3BepTbiBaiOT Ha 3aBOAC-H3ro- 
TOBHTeAe THApOTypOnH. Pabouee KOAeco npn ero 
onycKaHHH b KpaTep CTpomrr 3a cneAHantHoe npncno- 


top plane of the rim will deviate from the horizontal 
position. The horizontal position is restored by cor¬ 
recting the weight placed earlier. On bringing the 
system to equilibrium, with the device sensitivity 
increased, the possible residual unbalance of the runner 
resulting from the system inertia and from the friction 
in the device supporting members is determined. For 
this purpose appropriate weights are placed in turn 
onto the runner rim at six to eight points, equally 
spaced from the centre. The weights are to be such as 
to unbalance the system and to shift the rim uniformly 
from the horizontal position through one or two 
divisions of the level. Practically these weights for 
runners of large hydraulic turbines are 500 to 800 gf, 
the radius of weight fixing being from 1,500 to 2,000 mm. 

The residual unbalance is found as half the diffe¬ 
rence between the maximum and minimum weights 
unbalancing the system: 

~ P in ax — P min 

2 

The balancing weight Q is fixed at the point to 
which the maximum weight P max has been applied to 
unbalance the system. After the runner is finally balan¬ 
ced, the balancing weights are secured reliably, account¬ 
ing for centrifugal forces developed by the weight at 
the hydropower unit runaway speed. 

The final check of the runner balancing is perfor¬ 
med after the weights are secured. The runner may be 
considered as properly balanced if the minimum weight 
applied alternately with the same radius in opposite 
directions will shift the runner through the same angle. 


I. HOT OR INSTALLATION INTO THE TURBINE 
PIT 

The hydraulic turbine rotor may be installed in 
the turbine pit either as a whole, that is, the runner 
together with the turbine shaft or the turbine shaft 
and the runner may be installed separately. The choice 
of the method of installation is dictated by the rotor 
mass and dimensions as well as by the lifting capacity 
of the crane and the crane reach. In case of separate 
installation first the runner is sunk into the turbine 
pit and then the turbine shaft is placed, the shaft 
being connected to the runner immediately at the 
erection site. 

The shaft flange is usually joined with the runner 
by means of fitting bolts driven in holes in the flanges 
that are usually reamed at the turbine manufacturing 
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Phc. 81. MexaHH^iecKoe c ruApaBJiimecKHM npHBOAOM npn- 
cnocoOjieHHe ajih 3eth3kkh raeK <J)jiaimeBbix coeAHHeHHH 
BajioB THApoarperaTa: 

1 — rojioBKa KJiio^a ; 2 — cneijuajibHaH raiuta; 3 h 4 — KOJitija; J — bhht; 
6 — Kopnyc Kjnona; 7 — niJiHijeBoe KOJieco; 8 — BTyjiKa; 9 — KpbiuiKa; 
10 — npyjKHHa; 11 — bhht; 12 ■ —raHKa; 13 — manSa; 14 — 6ojit; 
15 h 16 — ynopHbie KOJiti^a; 17 — ynopbi; 18 — cepBOMOTOp; 19 — rn- 
ApaBJiHHecKHH npaii; 20 — MaHOMCTp; 21 — npefloxpaHHTejibHbiii KJianan ; 
22 — nneBMaTHHecKHH Hacoc; 23 — mafiSa; 24 — Tpy6bi; 25 — PWm; 
26 — BTyjiKa noA bhht; 27 — pacnpeAejiHTeJibHbm KpaH 

I - CJIHB H3 CepBOMOTOpa OTpa6oT8HHOH BOAbi; 

II — noflBOA Bo3#yxa; 

III - IIOflBOA BOflbl 


AOB 



Fig. 81. Mechanical device with hydraulic drive to tighten 
nuts of flange connections of hydropower unit shafts: 

I — wrench button; 2 — special nut; 3, 4 — rings; 5 — screw; 6 — wrench; 
7 — spline wheel; 8 — bush; 9 — cover; 10 — spring; 11 —• screw; 12 — 
nut; 13 — washer; 14 — bolt; 15, 16 —■ thrust rings; 17 —■ stops; 18 — 
servomotor; 19 — hydraulic crane; 20 — pressure gauge; 21 — safety valve; 
22 — pneumatic pump; 23 — washer; 24 —■ pipes; 25 — eye bolt; 26 —• 
screw bushing; 27 — distribution valve 

I waste water drain from servomotor; 

II — air supply; 

111 — water supply 


coSneHHe, HMeioiAeecn ah6o HenocpeACTBeHHO Ha pa6o- 
neM KOAece (npn pa3ACABHOH ycraHOBKe), ah6o Ha BaAy 
(npn ycraHOBKe acahkom — 6aokom b cocraBe Bana h 
pabonero KOAeca). Ha MHoroarperaTHbix rnApoaneKTp o- 
CTaHAHHX, obopyAOBaHHbix noBop otho-A onacTHbiMH rn- 
ApoTypbHHaMH, y KOTopbix pabonne Koneca hmciot 
OTA eABHyio KpbiuiKy cepBOMOTopa, ACAecoo6pa3Ho 3a- 
paHee aoctubutb Ha T3C h HcnoAB30BaTB aah nepe- 
hockh KOAec KpbiiHKy cepBOMOTopa nocjieAHeH rHApo- 
TypbHHbi. 3 to no3BOAHT cpa3y >Ke nocne onycKa hhh 
K oneca b KpaTep ycTaHaBAHBaTB Ban c KpbiiiiKOH cep- 
BOMOTopa 3Toro Koneca, KOTopbie MoryT SbiTb 3a6naro- 
BpeMeHHO cnapeHbi Me>KAy co6oh Ha cboponHofi nAO- 
iAaAKe. CoeAHHeHne BaAa c pabouHM KoiiecoM, Bbinon- 
HneMoe Ha cboponnoH nAontaAKe hah HenocpeACTBeHHO 
Ha MecTe ycraHOBKH, npoH3BOAHTCH b cjiynae npHMe- 
HeHHH 6 oatob HeboAbiuoro AHaMcrpa c noMoiAtio 
HaKHAHbix KAioneH h 6apca, a npn npHMeHeHHH 6 oatob 
S oAbinoro AHaMeTpa —c noMOiABio cneAHajibHoro MexaHH- 
necKoro npHcnocobneHHH c rHAponpHBOAOM (pnc. 81), 


plant. For sinking into the turbine pit the runner is 
slung at a special member provided either at the runner 
immediately (in case of separate installation) or at 
the shaft (in case of installation of the turbine rotor 
as a whole). At hydroelectric plants equipped with 
a large number of adjustable-blade turbine the runners 
of which are provided with separate covers for servo¬ 
motors it is good practice to deliver to the hydroelectric 
plant and to employ for handling the runners the cover 
of the servomotor of the last hydraulic turbine. This 
makes it possible to install immediately after lowering 
the runner into the turbine pit, the shaft with the 
servomotor cover of this runner. The shaft and the 
servomotor cover can be coupled beforehand at the 
assembly floor. In case small diameter bolts are used 
the shaft is connected with the runner, on the assembly 
area or directly at the place of installation, with the 
help of a box wrench and a steel bar. In case large dia- 
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KOTOpOe COCTOHT H3 CJie.H.yiOXl^HX OCHOBHBIX KOHCTpyK- 
THBHblX SJieMeHTOB : HaKHAHOH rOJIOBKH KJIIOUa 7 c 
xpanoBbiM ycTpOHCTBOM, KOTopoe nosBomer A^Jiaxb 
xojiocTbie (oSpaTHbie paSomiM) abhhcchhh Kjnona; 
Kopnyca 6 Ha KOHije ptmara KOToporo saKpenjieH 
FH AP aBJIHHeCKHH CepBOMOTOp, paCCHHTaHHBIH Ha A aB “ 
jieHHe >khakocth jxo 200 aT; ynopOB 77, HaA^BaeMbix 
Ha ABe coceAHHe rainm; nHeBMaTHnecKoro Hacoca 22, 
KOTOpbm noBbimaeT A aBJieHHe hoaboahmoh k Heiviy 
>khakocth c 3 A° 200 aT h noA 3 thm A^bjichhcm noA^CT 

>KHAKOCTb B CepBOMOTOp. 

IIpH i-iaJiHHHH npecca naBJiemieM a° 200 aT noA^ny 
>khakocth b CepBOMOTOp mo>kho npOH3BOAHTb Heno- 
cpeACTBeHHO ot npecca, MHHyn nneBMaTHHecKHH Hacoc. 

3 aTHTHBaHHe raen (puc. 81) nponsBOAHTcn nocpeACT- 
bom noBopoTa pbinara Kopnyca 6 . IIobopot 3tot ocy- 
mecTBJineTCH 6jiaroA a pn orrajiKHBaHHio uiTOKa cepBO- 
MOTOpa ot ynopoB 17 npn ero ABH>KeHHH BnepeA- 
Ecjih 3 ara>KKa raen nponcxoAHT npn uonornwrcjihuon 
OKpyncaiOH^eH TemnepaType, to b CepBOMOTOp mo>kho 
noAaBaTb BOAy Henocpe actb eHHO ot BOAonpoBOAnon 
MarncTpajiH. IIpH HH3KHX TeMnepaTypax b CepBOMOTOp 
cjieAyeT noA a BaTB TpariccJjopMaTopHoe Macjio hjih APY - 
ryio npHroAnyio am sthx ijejieH hchakoctb. 

K B03AyniHOMy Hacocy B03Ay x noAacTcn ot oSbihhoh 
B03AyniHOH MarHCTpa jih c A aB JieHHeM 5—6 aT. ^toObi 
H 36en<aTB 3aAHpoB Ha Oojrrax h oTBepCTHHx, Oojitbi 
nepeA ycraHOBKOH hx Ha MecTO, corjiacHO MapKHpoBKe, 
casmhhoh nan Ha hhx, Tan h Ha paOoneM KOJiece h 
(JjjiaHAe Bajia, cjieAyeT CMa3aTB pTyTHOH Ma3Bio. IIpH 
3aTH>Ki<e 6ojitob TeM hjih hhbim cnocoOoM ocoSoe bhh- 
MaHHe aoji>kho 6bitb yAejieHO hjiothocth coeAHHeHHH 
4>jiaHna Bajia c njiocKOCTBio conpn>KeHHH Ha paOoneM 
KOJiece h paBHOMepHOMy nanpn>KeHHio b OoJiTax coe- 
AHHeHHH. IIJIOTHOCTB COnpHHCeHHH AOJBKHa ObITB TaKOH, 

hto 6 bi myn 0,03 mm He 3 aiAeMJiHJiCH no Been nepH<|)epHH 
conpa>KeHHH. J3 ,jih oOecneneHHH TaKOH hjiothocth 
H y>KHO n 0 BepxH 0 CTH conpHJKeHHH TmaTeJiBHo noAro- 
TOBHTB. 

HanpHHceHHe b fiojrrax npoBepnioT, 3aMepHH hx 
yAJiHHeHHe (pnc. 82) no <|>opMyjie, npHBeAeHHOH b 
n. E § 4-10. 

^T 06 bl H 36 e>KaTB CaMOOT B Op aHHB aHHH 60 JITOB H 
raen, hx nocjie oKOHnaxejiBHon 3 aTH>KKH npHBapHBaiOT 
k Bajiy h paOoneMy KOJiecy. 

YcTaHOBKa pOTopa rHApOTypSHHbi b KpaTep npeA- 
cTaBJineT co 6 oh hckhh ycJiOBHbiii py 6 e>K, oTMenaio- 
Tt miT nepexoA ot CTpoHTeJiBHoro k MOHTa>KHOMy nepHOAy • 
GrpOHTejiBHbie paOoTbi k 3T0My BpeMeHH A^CTHraiOT 
TaKOH totobhocth, KOTopaH oSecneHHBaeT BbIXOA OC- 
HOBHoro 3 KcnjiyaTan,noHHoro KpaHa Ha KpaTep mohth- 
pyeMoro rHApoarperaTa h 3aiAHTy 3Toro KpaTepa ot 
aTMoafcepHbix ocaAKOB. MoHTa>KHaH opraHH3aAHH no- 
jiynaeT bo 3 mo>khoctb npHCTynHTB k Momancy paSonHx 
MexaHHSMOB rHApoTypOmibi h Bcero rHApoarperaTa 
HenocpeACTBeHHO b KpaTepe. 


meter bolts are employed they are tightened with the 
help of a special mechanical device with a hydraulic 
drive (Fig. 81) which consists of box wrench head 7 
with a ratchet gear, this enabling idle (reverse to work¬ 
ing) movements of the wrench; body 6 whose lever 
end carries a hydraulic servomotor rated for fluid 
pressure up to 200 atm; stops 77 fitted onto two nearest 
nuts; pneumatic pump 22 which increases the pressure 
of fluid supplied to the pump from 3 to 200 atm and 
feeds the fluid under this pressure to the servomotor. 

In case a hydraulic press with a rated pressure 
up to 200 atm is available, the fluid can be fed into 
the servomotor directly from the press by-passing the 
pneumatic pump. Tightening of nuts (Fig. 81) is per¬ 
formed by turning lever of body 6 . This turning takes 
place due to pulling of the servomotor rod off stops 77 
when the rod moves forward. If the nuts are tightened 
at ambient temperatures above zero, the servomotor 
can be fed with water taken directly from the water 
supply main. At sub-zero temperatures the servomotor 
should be fed with transformer oil or any other fluid 
suitable for the purpose. 

Air is supplied to the pneumatic pump from a 
conventional compressed air main at a pressure of 
5 to 6 atm. To avoid scratches on bolts and in bolt 
holes the bolts should be lubricated with mercury 
grease prior to placing them in conformity with marks 
made on the bolts and on the runner and shaft flange. 
While using one or another method of tightening the 
bolts, special attention should be given to the tight 
connection of the shaft flange with the matching 
plane on the runner and to the uniform strain in all 
the bolts. The joint tightness should be such that a 
clearance gauge 0.03 mm thick cannot be pinched along 
the entire periphery of the joint. To assure such a degree 
of tightness the joint surfaces are to be finished carefully. 

The strain in bolts is to be checked by measuring 
the elongation (Fig. 82) and using the formula given 
in Subsection F, Section 4-10. 

To prevent self-loosening of bolts and nuts they 
are welded to the shaft and to the runner after final 
tightening. 

Installation of the turbine rotor into the turbine 
pit is a procedure that may be considered as a border¬ 
line between the construction period and the period 
of erection work. By this moment the construction 
operations attain such a degree of readiness which 
enables the main permanent crane of the powerhouse 
to be moved to the turbine pit where the hydropower 
unit is under erection and provides for the protection 
of this turbine pit against atmospheric precipitation. 
The erection organization is given the opportunity 
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PaSOTBI, CBH3aHHBie C ycTaHOBKOH pOTOpa THAPO- 
TypfiHHBI B KpaTep (eAHHBIM 0JIOKOM HJIH pa3ACJIBH0 — 
He HMeeT cymecTBeHHoro 3HaneHHH), cboahtch ajih 
K a>KAoro rana KOJiec k cneAyiomeMy. 

Pafionee KOJieco paAHajiBHO-oceBOH rHApoTypfiHHbi 
3 a cneipiajiBHbie npoyniHHbi, npHKpeiumeMbie k (fmaHuy 
Bajia (a npn nepeHocKe 6e3 Bajia — 3a npoyniHHbi, 
npHKpenjieHHbie k KOJiecy), crponuT Ha KpaH h nepe- 
hocht b KpaTep, rAe craBHT hhjkhhm oSoaom Ha cne- 
AHajiBHBie npOKJiaAKH, nojio>KeHHbie Ha 4>yHAaMeHTHoe 
kojibao. 3th npOKJiaAKH, 3 aKJiaAi>iBaeMbie Me>KAy onop- 

HBIMH njIOCKOCTHMH o6oA a H (JjyHAaMeHTHOrO KOJIBIja, 
AOJIHCHbl fibITB TaKOH BBICOTBI, HTOfibI OTMCTKa BepX- 
Hefi njiocKOCTH (juiaHija Bajia rHApoTypfiHHbi 6biJia 
HHHce npoeKTHOH Ha BejiHHHHy, paBHyio fiypTHKy Ha 
(|>jiaHAe njiioc 4 —6 mm. 3tot 3 anac hco 6 xoahm, hto 6 bi 
npn onycKaHHH pOTopa rHAporeHepaxopa b craTop 
(J)jiaHeA reHepaTOpHoro Bajia He conpHKOCHyjiCH 6 bi c 
(JjjiaHijeM TypfiHHHoro Bajia, TaK KaK sto MO>KeT Hapy- 
hihtb AeHTpnpoBaHHe Bajia rHApOTypfiHHbi. 

IIojioHceHHe pafionero KOJieca paAHajiBHO-oceBOH 
rHApOTypfiHHBI OTHOCHTeJIBHO CTaTOpa (|)HKCHpy eTCH 


MepHbiMH npOKJiaAKaMH, 3aKJiaAbiBaeMbiMH b KpyroBoii 
3 a 3 op Me>KAy 060 aom pafionero KOJieca h CTaTopoM. 
IIpeABapHTejiBHo Baji ycTaHaBJiHBaiOT no ypoBHio b 
B epTHKajiBHoe nojio>KeHHe. ^toSbi oSjieruHTB AeHTpH- 
poBaHHe KOJieca OTHOCHTeJIBHO CTaTOpa, b KpyroBoii 
3 a 3 op 3 aKJiaAbiBaiOT njiaHKH c kjihhobhahbim 3axoAOM, 
tojmjhhoh HecKOJiBKO MeHBme 3 Toro 3a30pa. Ecjih 
KOHCT pyKAHH rHApOTypfiHHbi no3BOJineT, to Hapynmoe 
jiaSnpHHTHoe ynjioTHeHHe cjieAycx 3apaHee nocTaBHTB 
Ha pafionee KOJieco c tcm, hto 6 bi, pacAeHTpHp ob aB ero h 
3 a(j)HKCHpoBaB Ha KOJiece, onycTHTB BMecTe c KOJiecoM 
b maxTy, tag noTOM npOH3BecTH tojibko ero KperoieHHe. 


to start assembling the turbine working mechanisms 
and the entire hydropower unit directly in the turbine pit. 

Operations associated with the installation of the 
hydraulic turbine rotor into the turbine pit (no matter 
whether it will be performed separately or the rotor 
will be installed as a single assembly) are reduced for 
all types of runners to the following. 

The runner of a radial-axial turbine is slinged at 
special eyebolts secured to the shaft flange (in case 
of separate installation of the runner — at eyebolts 
secured to the runner), then it is suspended from the 
crane and transported to the turbine pit where it is 
placed by its bottom rim on special pads placed onto 
the foundation barrel. The height of these pads placed 
between the bearing surfaces of the runner rim and 
the foundation barrel should be such that the elevation 
of the top plane of the turbine shaft flange is below 
the design elevation for the height of the fillet on the 
shaft plus 4 to 6 mm. Such a reserve of height is requi¬ 
red to ensure that the flange of the generator rotor 
lowered into the generator stator could not come in 
contact with the turbine shaft flange since this will 
disturb the turine shaft centring. 

The position of the radial-axial turbine runner in 
respect to the turbine stay ring is fixed with the help 
of adjusting shims inserted between the runner rim 
and the stay ring. The shaft is previously installed into 
the vertical position. To facilitate centring the runner 
in respect to the stay ring, wedged planks are placed 
into the annular gap, the thickness of planks being 
somewhat less than the gap width. If the turbine 
construction admits, the external labyrinth packing 
should be placed onto the runner beforehand so as 
to lower it together with the runner into the turbine 
pit after centring and fixing it on the runner. In the 
turbine pit only securing of the packing on the runner 
is carried out. 
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Phc. 83. OopMyjmp na ycxaHOBKy pa6ouero KOJieca 
cpe^HeHanopHoii pa^HajiBHO-oceBOH rH,npoTyp6nHBi 

Fig. 83. Record Sheet of Installation of Runner of 
Average-Head Radial-Axial Hydraulic Turbine 


06o3Ha- 

HGHHe 

Desig¬ 

nation 

Pa3Mep no 
nepxe>Ky 

Size acc. to 
drw. 

MoHxaHCHoe noJio>KeHHe 

Erection position 

OXKJIOHeHHe, MM 

Deviation, mm 

<baKXHHecKHe pa3Mepbi no ochm, mm 

Actual size in axes, mm 

$aKXHHecKoe MaKCH- 
ManbHoe 

actual max. 

flonycxHMoe no Ty 

permissible acc. to 
specification 

+ 

+ 

+ 

H 

+ 

l 

+ 

r 

K 

+ 

r 

T 

+ 

■T 

a 












6 












d 












Ilocjxe noBopoTa Bajia Ha 180° 

After shaft is rotated through 180° 

a 












6 













Pa3Mep 

Size 

e 

2 

e 

IIo nepTency 

Acc. to drawing 




3>aKTHHeCKHH 

Actual 





riojio>KeHHe poxopa 

3a3opbi b jia6HpHHTe no HHflHKaxopy, 3aMepeHHbie npn oxHtaxHH pa6onero KOJieca b HanpaBJieHHH ocefi 
Clearances in labyrinth measured by dial gauge when pressing the runner in the direction of axes 

Position of rotor 

+y | 

+ * | 

— y | 

— X 

MoHTa>KHoe nojioJKemie 

Erection position 





Ilocne noBopoTa Bajia Ha 180° 

After shaft is rotated through 180° 






! 1. Pa3Mep e onpeflejiHTb noflcnexoM ksk pe3yjibTax 
3aiwepoB, npoH3BefleHHBix j*o ycxaHOBKH BKJia^bima 
nofliiiHnHHKa Ha MecTo. 

2. 3aiwep a cflejiaxb no ycxaHOBKH Kopnyca no^niHnHHKa . 


Notes: 1, Size e shall be determined by calculation as a result of measure¬ 
ments made before positioning the bearing shell. 

2 Measurement e shall be made before installation of bearing housing. 
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Phc. 84. <E>opMyjrap Ha ycTaHOBKy paSonero KO¬ 
Jieca BbicoKOHanopHOH pa^Haji&HO-oceBOH rnflpo- 
TypSHHBI 

Fig. 84. Record Sheet of Installation of Runner 
of High-Head Radial-Axial Hydraulic Turbines 


06o3HaneHHe 

Designation 

Pa3Mep no nepxeHty 

Size acc. to drw. 

MoHxajKHoe nojioxceHHe 

Erection position 

OXKJIOHeHHe, MM 

Deviation, mm 

<J>aKTHHecKHe pa3Mepbi no ochm, mm 

Actual sizes in axes, mm 

(haKTHnecKoe 

MaKCHMajibHoe 

actual max. 

flonycxHMoe no TY 

permissible acc. 
to specif. 

+ 

H 

+ 

+ 

+ 

t 

+ 

r 

r 

r 

r 

+ 

r 

a 












6 












d 












OfC 












u 












Ilocjie noBopoTa Bajia Ha 180° 

After shaft is rotated through 180° 

a 












6 













Pa3Mep 

Size 

8 

Z 

e 

no HepTe>Ky 

Acc. to draw. 




<£>aKTHHeCKHH 

Actual 





IIoJiojKeHHe poTopa 

Position of rotor 

3a3opbi b jiaSupHHxe no HHflHKaxopy, 3aMepeHHbie npn ouKaxun pa6onero KOJieca b HanpaBJieHHH ocefi 
Clearances in labyrinth measured by dial gauge when pressing the runner out in direction of axes 

+ y | + x | —y 

1 ■ — * 

MoHTa>KHoe noJio>KeHHe 

Erection position 





nocne noBopoTa Bajia Ha 180° 

After shaft is rotated through 180° 






npHMe^aHHe, Pa3Mep e onpeneJiHXb noflCHexoM ksk pe3yjn»xax 3aMepoB, Note. Size e shall be determined by calculation as a result of measurements 

npoH3BeaeHHbix flo ycxaHOBKH BKJiaflbmia noflumruiiiKa Ha Mecxo. made before positioning the bearing housing. 
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3a30pbi b ynjioTHeHHHX b flocrynHbix Mecrax 3aMe- 
pmoT HOpMaJibHbiM mynoM, a b TpyAHOAocTynHbix — 
y,o;jiHHeHHbiM mynoM uepe3 cneijHaJibHbie OTBepcTHH b 
K pbiuiKe TypSHHbi; nocJie oKomiaTejibHoro i^eHTpnpo- 
BaHHH paGouero KOJieca h OKOHuaHHH nycKO-HajiaAOH- 
hbix paSoT hx 3 a^ejibiBaiOT c noMomtio BBepTbimeH h 
CBapKH. 

OTKJioHeHHH 3a3opoB b na6HpHHTHBix yrmoTHe- 
HHHX, COrJiaCHO TeXIIHUeCKHM yCJIOBHHM Ha MOHTa>K 
BepTHKajitHbix ra^poarperaTOB, He AOJDKHbi npeBbi- 
rnaTb npoeKTHbie 3a3opbi Gojitme ueM Ha 20%. TouHoe 
i^eHTpupOBaHHe paGouero KOJieca h Bajia, no KOTOpoMy 
b flajibHenuieM i^eHTpnpyiOT sect rHAporenepaTop, 
npoH 3 BOAHT nocjie ycraHOBKH KpbiuiKH rHApoTypOnHbi; 
npn 3 tom Baji Typ6nHbi ycTaHaBJiHBaioT b cTporo Bep- 
THKajibHoe nojiOHceHne no ypoBHio nepBOH rpynnbi 
hjih c noMOiHbio nexbipex cTpyH, o ueM GyAeT cnasaHO 
HHHCe. 

Ha oTAeHTpHpOBaHHoe paGonee KOJieco nocjie cna- 
pHBaHHH BajiOB TypSuHbi h reHepaTOpa h OKOHnaTejib- 
Horo ijeHTpHp ob aHHH poTOpa Bcero rHAporeHepaTOpa 
cocraBJiHioT (jjopMyjinp (pnc. 83 h 84). Otkjiohchhh 
ot npoeKTHbix 3HaneHHH 5 AonycTHMbie no xexHnnecKHM 
ycjiOBHHM Ha MOHTanc b epTHKaJibHbix THApoarperaxoB, 
npHBeACHbi b xa6ji. 8. 

fljiH yAoOcxBa pa6ox no ijeHxpHp ob aHHio paGouero 
KOJieca noA hhm coopy>KaioT a^PCbhhhbih HacTHJi, 
onnpaioiAHHCH nepe3 KpenjieHHH Ha oTcacbiBaiomyK) 
xpyGy hjih Ha noABecKH, npHKpeimeHHbie k paGoueiviy 
KOJiecy. JJ,jih cnapHBaHHH BajiOB xypSHHHoro c reHepa- 
xopHbiM a 6 - 113107 nacxHJi, ypoBeHb Koxoporo Ha 0,5— 
0,8 m HH>Ke ypoBHH (JjjiaHijeBoro coeAHHeHHH. 


The gaps in packings are measured with the help 
of a normal clearance gauge in accessible places. In 
hard-to-get-at places the gaps are measured by an 
elongated clearance gauge through special holes in 
the turbine cover, which are plugged with screws 
and welded after the runner final centring and com¬ 
pletion of pre-start adjustment operations. 

In conformity with specifications on erection of 
vertical-shaft hydropower units, the deviation of clear¬ 
ances in labyrinth packings shall not exceed design 
values by more than 20%. Accurate centring of the 
runner and shaft in respect to which the entire hydro¬ 
generator is to be centred is carried out after the 
installation of the turbine headcover. In doing this 
the turbine shaft is installed in a strictly vertical position 
against a first-class level or against four stringes. The 
latter method will be described below. 

Upon coupling the turbine and generator shafts 
and their final alignment a record sheet (Figs. 83 and 
84) is compiled for the centred runner. Permissible 
deviations from design values in accordance with spe¬ 
cifications for the erection of vertical-shaft hydropower 
units are given in Table 8. 

To facilitate the runner centring a timber floor is 
arranged under the runner. The floor rests through 
fastenings on the draft tube or on suspensions secured 
to the runner. To couple the turbine and generator 
shafts, a floor is arranged at an elevation of 0.5 to 
0.8 m below the flange joint level. 


T a 6 ji h a a 8 


$OIIYCK0 HA yCTAHOBKy PABOHHX KOJIEC lXOBOPOTHO-JiOnACTHBIX 0 
FAftllAJILHO-OCEBLIX TYPEHEI 


npoBepfleMoe noJioJKCHHC 

Mecro 3aiwepa 

AonycTHMbie otkjiohchhh (mm) ajih 
padonero KOJieca flnaMeTpoM, m 

2 | 3 | 5 | 7,2 | 9,3 

BbicoTHoe nojioHceime paGouero KOJieca 

Ot BepXHen nnocKocxH HHnmero KOJiBija HanpaB- 






noBopoTHo-JionacTHoii TypdHHbi b KaMepe 

jimomero annapaTa #0 BepXHero Topua BiyjiKH 







paGonero KOJieca 


3 

4 

5 

6 

BbicoTHoe nojio>KeHHe paGouero KOJieca 

Ot HiUKHeh njiocKOCTH oGoj^a paGouero KOJieca #o 






paAnajibHO-oceBoii TypSnHbi b pacTonne 

onopHOH noBepxHOCTH b pacxouKe (JjyHAaMeirr- 






(JjyHAaMeHTHoro KOJiBija 

Horo KOJitua 

1 

2 

2,5 

3 
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Table 8 


TOLERANCES POP INSTALLATION OF RUNNERS OI ADJUSTABLE-BLADE AND RADI AL-AXTAL 

turbines 


Position to be checked 

Place of measurement 

Allowable deviations (mm) for 
diameters, m 

runner 



2 

3 

5 

| 7.2 

9.3 

Elevation of runner of adjustable-blade 

turbine in the throat ring 

From top plane of lower ring of wicket gate to 

top of the runner hub 

— 

3 

4 

5 

6 

Elevation of runner of radial-axial turbine 

in the foundation barrel bore 

From lower plane of runner rim to support sur¬ 
face in the foundation barrel bore 

1 

2 

2.5 

3 

— 



Phc. 85. MeTajunraecKHe noflMOCTH, 

ycTaHaBJiHBaeMBie Ha MOHTa>KHon 
iuionjaAKe onycKaHHH paoonero 
KOJieca b KaMepy: 

1 — HacTHJi; 2 — cTOHKa; 3 — orpajKflemie 

Fig. 85. Steel scaffold installed at 
assembly bay before lowering the 
runner into chamber: 

1 — flooring; 2 — post; 3 — railing 



Phc. 86. YcTaHOBKa paGonero KOJieca noBopoTHo-JionacTHoii rHApoTypGuHbi 
b KpaTep 


Fig. 86. Installation of runner of adjustable-blade hydraulic turbine in the pit. 


PaGouee KOJieco noBopoTHo-jionacTHOH riiApoxyp- 
Ghhbi ycTaHaB jihb aexcn nocjie rHApaBjinuecKoro hoim- 
xaHHH. K ero jionacTHM Kpennx cneimajibHbie noA- 
BecKH, a Ha KpbiniKy ahjihhapu cepBOMOxopa — npn- 
cnocoGjiemie A^m nepeHOCKH paGouero KOJieca. noA- 


The runners of adjustable-blade turbines are in¬ 
stalled after completion of hydraulic test. Special 
suspensions are secured to the runner blades and 
a runner handling device is attached to the ser¬ 
vomotor cylinder cover. Suspensions and the han- 
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BecKH h npHcnocoSjieHHe nocxaBJineT 3aBOA-H3roTO- 

BHTeJIB rH^cpoTypSHHbi. 

noflBecKH KpenaT c noMomiBio npoyiuHH, npony- 
meHHbix uepe3 c^ejiaHHbie rjul stoh ijejiH OTBepcxHH 
b JionacTHX. 3 th OTBepcTHH nocjie ocbo6o>kachhh ot 
noABecoK sa^ejibmaioT 3arjiyniKaMH. Ha MHoroarperaT- 
Hbix T3C, KaK yxce Sbijio OTMeueHO Bn. H Hacroamero 
naparpa<f)a, rjih nepeHocKH padounx KOJiec ncnojiB- 
3yiOT KpbiniKy cepBOMOTopa padouero KOjxeca nocjieA- 
HeM b ouepeAH Ha MOHTa>K rHApoTypdnHBi. Kojieco, 
3acTponjieHHoe uepe3 sto npHcnocodjieHHe k npany 
MaiiiHHHoro sajia, nepeHocaT k cnen(HajiLHBm noAMo- 
CTHM, Ha KOTOpbIX K 3T0My BpeMeHH y>Ke AOJI>KeH 6bITb 
ycraHOBjieH KOHyc-odxeKaTejiL (pnc. 85). 

Padouee KOJieco onycKaiOT Tai<, UTodsi mokay hhm 
h KOHycoM ocTajica HeSojibinoH 3a3op, nocjie aero 
KOHyc c noMOiqBio mnHJieK no aththb aioT k KOJiecy, a 
Tpy6naTbie ctohkh Hacrajia npHBapHBaiOT k Hapy>K- 
hoh noBepxHocTH BTyjiKH padouero KOJieca. 3 th noA- 
mocth b A^JibHeHineM Hcnojib3yiOT RJiH pa6oTbi nOA 
paSonHM KOJiecoM b maxTe TypdHHBi. KorAa Bee 3 th 
padoTBi 3aKOHneHbi h KpaTep noAroTOBjieH k npneMy 
padouero KOJieca, nocneAHee nepeHoarr k KpaTepy h 
onycKaiox b KaMepy. IlepeHOCKa padouero KOJieca h 
ycTaHOBKa ero b KaMepy — BecbMa otb eTCTBeHHaa one- 
paAHH, npHBjieKaioiu(aa BHHMaHHe mhothx CTpOHTeneH 
T3C (pnc. 86), TaK KaK padoune KOJieca noBopoTHO- 
jionacTHbix rHApOTyp6nH HMeiOT Maccy nopon dojiB- 
me 400 t. 

Kojieco, y>Ke onymeHHoe Ha ero npoeKTHyio OTMeTKy, 
ho eme noABemeHHoe Ha KpaHe, noABepraeTca npeABa- 
pHTenLHOH npoBepne, nejit KOTOpOH — yCTaHOBHTb Ha- 
jiHHHe TpeOyeMbix 3a3opoB MejKAy ero jionacTHMH h 
K aMepoH. npoBepKy npoH3BOAHT npii 3aKpBiT0M h 


dling device are supplied by the turbine manufactur¬ 
ing plant. 

Suspensions are secured through eyebolts fitted in 
holes made for the purpose in turbine blades. After 
removal of suspensions these holes are plugged. As 
it has been already mentioned in Subsection I of this 
Section, in power plants equipped with a large number 
of hydropower units, the servomotor cover of the 
turbine to be erected last is used for handling the 
runner. The runner slinged with this device to the 
machine hall crane is transported to special scaffold¬ 
ing on which the cone cowl is to be placed by the 
moment (Fig. 85). 

The runner is lowered so as to leave a certain 
clearance to the cone cowl. Then, with the help of 
stud bolts the cone tip is screwed up to the runner. 
Tubular struts of the scaffolding floor are welded 
to the outside surface of the runner hub. This scaffold¬ 
ing is later on used for work in the turbine pit under 
the runner. All these operations are completed and 
the turbine pit prepared to receive the runner, the 
latter is transported to the turbine pit and lowered 
into the throat ring. Transportation of the runner 
with the help of the crane and its installation into the 
throat ring are very important operations attracting 
attention of many builders of hydroelectric power 
plants (Fig. 86) because the runners of adjustable- 
blade hydraulic turbines weigh sometimes more than 
400 tons. 

The runner lowered to its design elevation but 
still suspended from the crane is to be subjected to 
preliminary inspection. This inspection is required to 
check for the required clearances between the runner 
blades and the throat ring. The check is performed 



Phc. 87. rioABeniHBaHHe pabonero 
KOJieca noBopoTHO-jionacTHOH niApo- 
TypSnHbi b KaMepe: 

/ — KaMepa pa6o^ero KOJieca; 2 — kohcojil. ; 
3 — npHcnoco6jieHne ajih nepeHocKH pa6o- 
nero KOJieca; 4 — pa6o^ee KOJieco; 5 — nofl- 
BecKa; 6 — pacnopHbiw kjihh 
I — k MocxoBOMy KpaHy 


Fig. 87. Suspension of runner of 
adjustable-blade hydraulic turbine in 
the runner chamber: 

1 — runner chamber; 2 — cantilever; 3 — 

device for runner handling; 4 — runner; 
5 — hanger; 6 — wedge; I — to travelling 
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otkpbitom nojio>KeHHHx jionacTeii, utg odecneuHBaeTCH 
noABOAOM Macjia noA a&bjichhcm b hojioctb AHjiHHApa 
cepBOMOTopa. nocjie npeABapHTejiLHOH npoBepKH 3a30- 
pOB mokay JionacTHMH h KaMepoH KOJieco noABeuiH- 
BaiOT 3a jionacTH Ha hoabcckh k kohcojihm, 3aKpen- 
jieHHBiM Ha HHHCHeM KOJiBue HanpaBjiHioiAero anna- 
paxa, u,eHTpHpyiOT othochtcjibho Kamepbi h ycraHaB- 
jiHBaioT no bbicothoh otmctkc (pnc. 87). Kojieco noA- 
BeniHBaiOT Ha kohcojihx xai< 3 uxodti oho OKa3ajiocB 
HHHce CBoeii npoeKTHofi otmctkh Ha BejiHUHHy, paBHyio 
BBicoTe OypTHka Ha ero (fmamte nmoc A —6 mm 3anaca, 
o Heodxo ahmocth KOToporo dnuio CKa3aH0 npn paccmo- 
TpeHHH ycTaHOBKH KOJiec paAnajiBHo-oceBbix thapo- 
xypdHH. 

BbipaBHHBaHne no BBicoTe npoH3BOAHT noAxurn- 
BaHHeM hjih oTBepTbiBaHHeM raeK Ha noABecnax. 3aMe- 
pmoT BbicoTHoe nojiouceHHe jih6o HHBejiHpoM no peiiKe 
b ueTbipex npOTHBonojio>KHbix xoui<ax Ha BepxHeM 
Topne BTyjiKH, jih6o pyjieTKOH, onpeAejinn paccxonHue 
ot BepxHero Topna BTyjiKH ao BepxHen njiocKocTH 
HH>KHero KOJiBita nanpaBJinioniero annapaTa h oaho- 
BpeMeHHo npoBepnn ropH30HTajiBHocxB no ypoBHio. 
B Tex cjiyuaax, KorAa npoBepna 3a3opOB MOKAy Jiona- 
CTHMH H KaMepoH o6Hapy>KHT HeCOOTBeTCTBHe BBICOT- 
Horo nojiOKeimu ctjiepbi KaMepbi np ockthbim otmct- 
KaM, nojio>KeHHe padouero KOJieca no Bbicoxe cjieAyeT 
HSMeHHTB. 3 t 0 HSMeHeHHC Ha AO yUHTBIBaTB npH MOH- 
xa>Ke nocJieAyioiAHx y3JiOB rnApoarperaTa. 

IfeHTpupoBaHHe KOJieca othochtcjibho och arpe- 
raTa npoH3B0AHT nocpeACTB om ycraHOBKH MepHbix 
KJiHHBeB Me>KAyJionacTHMH h KaMepoH paSonero KOJieca, 
AoSHBancB npn stom paBHOMepHoro 3a3opa. Otkjio- 
HeHHH 3a30p0B Me>KAy JionacTHMH H KaMepOH B OTKPBI¬ 
TOM H 3aKpBITOM nOJIOHCeHHHX, COrJiaCHO TeXHHHeCKHM 


with the blades closed and opened, this being provided 
for by feeding oil under pressure into the servomotor 
cylinder. Upon the preliminary check for clearances 
between the blades and the throat ring the runner is 
suspended through suspensions secured to the blades 
from brackets fixed to the distributor ring, then it is 
centred in respect to the throat ring and installed at 
the design elevation (Fig. 87). The runner is suspended 
from brackets so that it is below its design elevation 
by the height of the fillet on its flange plus 4 to 6 mm 
of reserve. The necessity of this reserve height has 
been discussed when describing the operations on 
installation of radial-axial turbines. 

The adjustment of the runner vertical position is 
carried out by tightening or loosening the nuts on 
suspensions. The vertical position is measured either 
with a transit and a levelling staff placed at four oppo¬ 
site points on the hub top or with a measuring tap, 
determining the distance from the hub top to the 
top plane of the distributor ring. At the same time 
levelling is checked with the help of a level. When a 
check of the clearances between the blades and the 
throat ring shows a discrepancy between the vertical 
position of the throat ring sphere and the design elevat¬ 
ions, the vertical position of the runner should be 
changed. This change is to be taken into account when 
erecting the subsequent assemblies of the hydropower 
unit. 

The runner is centred in respect to the hydropower 
unit axis by inserting measuring wedges between the 
blades and the runner throat ring. A uniform clearance 
is to be provided in doing this, deviations in clearances 
between the throat chamber and the closed or open 
blades are not to exceed 20% of the specified value. 







Phc. 88 . IlepeHOc yKpynHeHHoro SjioKa 
b cocTase paSonero KOJieca c BajiOM, 
KpbHIIKH TypSHHbl H onopbl IIHTbl C 
noAnHTHHKOM k MecTy ycraHOBKH 


Fig. 88. Handling enlarged assembly com¬ 
prising runner with shaft, turbine head- 
cover and support with thrust bearing 
into position 
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ycjiOBHHM, He flOJi>KHBi npeBbimaTB 20% npoeKTHoro 
3a3opa. 

ITocjie Toro, nan KOJieco flyueT no^BemeHO Ha iioa- 
BecKH, npHcnocoSjieHHe rjik ero nepeHocKH chhmuiot 
BM eCTe C KpblUIKOH CepBOMOTOpa, Ha MOHTa>KHOH njio- 
maAKe KpbiniKy cnapHBaiox c BajioM, KOHTpojinpyH upn 
stom HanpHHceHHe b dojixax no 3aMepaM othochtcjib- 
Horo yAJiHHeHHH (cm. pnc. 82). B sto >ne BpeMH coeAH- 
hhiot uiTaHry paSonero Kojieca co uitokom, oSpamaa 
npn 3 tom ocoSoe BHHMaiine Ha uucxoxy MacjiHHbix 
KaHajiOB, njiOTHocTb (JjjiaHAeBoro coeAHHeHHH h pacKOH- 
TpHBaHne Sojitob h raeK KpenjieHHH. ripHcnocoGjieHHe 
AJia nepeHocKH pa6onero KOJieca Hcnojn>3yioT xaiOKe 
AJiH nepeHocKH Bajia c KpbiniKOH cepBOMOTopa, koto- 
pyio ycTaHaBJiHBaioT Ha ahjihhap cepBOMOTopa corjiacHo 
CAejiaHHOH Ha 3aBOAe MapKHpOBKe h Kperuix k Heii c 
noMoiAbio Gojitob, aaxarHBaeMbix cdojiHHBaTejieM, hjih 
pynHbiM HaKHAHbiM kjiiouom c dapcoM. 3 thm h 3aKaH- 
HHBaeTCH ycTaHOBKa poTopa noBopoTHo-jionacTHOH rn- 
ApOTypSHHbl. 

MtoObi yMeHbuiHTb KaBHxaAHOHHbie pa3pymeHHH, 
o6pa3yioinHeca b Mecxax 3aACJiKH oxsepCTHH, hckoto- 



Phc 89. YcTaHOBKa pa6oaero Kojieca 6e3 no^BecoK ynpyn- 
HeHHbiM Sjiokom b cocTaBe padouero Kojieca c BajioM h 
K pblUIKH rHflpOTypSHHBI (V3C riepTO-TopHO (J)HpMbI PuBa) 


Fig. 89. Installation of runner without hangers by enlarged 
assembly comprising runner with shaft and turbe head- 
cover (Perto-Torno hydroelectric power plant of the 
Riva firm) 


pbie 3apy6e>KHbie h OTenecxBeHHbie 3aBOAbi Bbinyc- 
KaioT rHApOTypSHHbi 6e3 oTBepcniH b jionacTHx pa6o- 
hhx KOJiec, nxo A^Jiaex hcbo3mo>khoh hx noABecKy b 
KaMepe paccMOTpeHHbiM Bbmie ciiocoSom. B stom cjiynae 
KOJieco ycTaHaBjiHBaiOT Ojiokom — BMecxe c BajioM, 
KpbiniKOH rHApoxypOnHbi h onopoH iiHTbi c noAnax- 
HHKOM (pHC, 88) HJIH BMeCTe C BaJIOM H KpblUIKOH 
rHApoTypOHHbi (puc. 89). B nepBOM cjiyuae KOJieco 
no ab euiHBaiOT h peryjiHpyiOT Ha noAnaxHHKe ; bo 
BTOpOM — ero noABeuiHBaiOT Ha cnermajibHOM xoMyxe, 
HaAeBaeMOM Ha Ban h onnpaeMOM Ha BepxHHH (JjjiaHeu 
KpbiuiKH TypSnHbi b MecTe nocaAKH KOpnyca noAuinn- 
HHKa. PeryjiHpoBKy npn stom np0H3B0AHT c noMOiABio 
HaxoAHiAHxca Ha xoMyTe otjkhmhbix Oojitob. Ha ycra- 
HOBJieHHoe TeM hjih HHbiM cnocoSoM paBouee KOJieco 
nocjie cnapHBaHHH TypfiHHHoro Bajia c bsjiom reHepa- 
Topa h OKOHuaTejiBHoro AeHxpHpoBaHHH poTopa Bcero 
rHApoarperaTa cocTaBjiaioT (JjopMyjiap (puc. 90). 


Upon suspending the runner the handling device 
is removed together with the servomotor cover and on 
the assembly floor the cover is coupled with the shaft. 
In doing this strains in the bolts are to be checked by 
measuring relative elongation (see Fig. 82). Simul¬ 
taneously the operating rod of the runner blade- 
operating mechanism is to be connected with the 
wicket gate reach rod giving special attention to the 
cleanliness of oil ducts, tightness of the flange joint 
and locking of fastening bolts and nuts. The runner 
handling device is used for transportation of the shaft 
with the servomotor cover. The servomotor cover is 
installed on the cylinder in accordance with Manu¬ 
facturer’s marking and secured thereon with bolts 
tightened with a tightening device or a hand box 
wrench with a steel bar. That is a final operation on 
the adjustable-blade turbine rotor installation. 

In order to diminish cavitational damage in plugged 
and welded holes some foreign and Soviet turbine¬ 
manufacturing plants build hydraulic turbines without 
holes in the runner blades, this making suspension of 
runners in the throat ring by the above-mentioned 
method impossible. In this case the runner is installed 
in assembly with the shaft, turbine headcover and 
thrust bearing with its support (Fig. 88), or with the 
shaft and turbine headcover (Fig. 89). In the former 
case, the runner is suspended and adjusted on the 
thrust bearing; in the latter case it is suspended from 
a special collar fitted onto the shaft and resting upon 
the top flange of the turbine headcover at the seating 
of the bearing housing. In the process, adjustment 
is made with the aid of puller bolts provided on the 
collar. After the turbine and generator ; shafts are 
coupled and the entire hydropower unit rotor is cen¬ 
tred, the record sheet (Fig. 90) is filled-in for the 
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XIaHHBie 3aMepOB conocxaBjmiOT c np ockthbtm w 
BeJIHHHHUMH H C AOUyCKUMH Ha OTKJIOHeHHH, 
oSyCJIOBJieHHbIMH XeXHHUeCKHMH yeJIOBHHMH Ha 
MOHTa>K BepTHKaJiBHbix rHApoarperaTOB (cm. 
Taflji. 8). 


runner installed by one of the described methods. 
Data on measurements are compared with design 
values and with specified tolerances for the erect¬ 
ion of vertical-shaft hydropower units (see 
Table 8). 


Phc. 90. OopMyjinp Ha ycTaHOBKy pafionero Kojieca 

nOBOpOTHO-JIOnaCTHOH THApOTypfiHHbl 

Fig. 90. Record Sheet of Installation of Runner of 
Adjustable-Blade Hydraulic Turbine 


IIojibHceHHe 

Hoiwep JionaciH 

Position 

Blade No. 


1 


2 


3 

MoHia>KHoe 

4 

Erection 

5 


6 


7 


1 


2 

Ilocjie noBopoTa 

3 

Bajia Ha 180° 

A 

After shaft is rotated 

—T 

through 180° 

5 


6 


7 


OpHeHTttpOBKa JionacTeii npH 
3aMepe no ochm, x , y 

Positioning of blades when 
measuring in respect 
to axes x t y 


3a3op a (MeiKfly Kaiwepoii h jionacTHivm paSo^ero KOJieca), 
djaKTimecKHe paaiwepw, mm 

Clearance a (between runner chamber and runner blades), 
actual sizes, mm 

IIoJioJKeHHe nojiHoro 3aKpwxHH Jionaeren a = 

Position of full closing of blades a = — 

b ceneHHHX 

in sections 

MHHHMaJILHblH 3a30p 

minimum clearance 

1—1 

2—2 

3—3 

Ment/ty ceueHHHMH 

between sections 

BejiHMMHa 

value 
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IIojioHteHHe 

Position 

Hojwep 

JionacTH 

Blade No. 

OpueHTupoBKa JionacTeii npn 
3aMepe no ochm x, y 

Positioning of blades during 
measurement in respect to 
axes x, y 

3a3op a (fliestcfly Kawepofi h jionacTHMH pabonero 

Koneca), (paKTnnecKne pa3Mept.i, mm 

Clerance a (between runner chamber and runner 
blades) actual sizes, mm 

IIonoHceime 

Position of 

b cenemrax 

in sections 

nojmoro OTKpbiTHH JionacTeii a~ + 
full opening of blades a = -£■ 

MHHHMaJIbHblil 3a30p 
minimum clearance 

1 — i 

2 — 2 

3 — 3 

MOKfly Ce^eHHHMH 

between sections 

BejiH^mHa 

value 

Ilocjie noBopoTa Baira 

1 







Ha 180° 

2 








3 

4 







After shaft is rotated 

5 







through 180° 

6 







L 

7 








06o3Ha^eHne 

Designation 

Pa3Mep no uepTe>i<y 

Size acc. to drw. 

<I>aKTH<iecKHe pa3Mepbi no ochm, mm 

Actual size in axes, mm 

+ y 

4- x 

~y 

— X 

6 






e 







Pa3wep 

Size 

a 

z 


Pa3Mep 

Size 

d 

€ 

no HepTe>i<y 

Acc. to drw. 




no nepTency 

Acc. to 



<$>aKTHHecKoe MaKCHMajibHoe otkjio- 
Hemie 

Actual maximum deviation 



i 

OaKTHHeCKHH 

Actual 



JJonycTHMoe OTKjioHeHHe no TY 

Permissible deviation acc, to specifica¬ 
tion 







npHMCHaHHfl • 1. Hy/wepa^n jionacrefi hh ^t 


no 


MacOBOH CTpeJIKH. 


2. rpaMynposaHHafl Jionacib Ns .pacnonoHceHa no* yrnoM. 

ijeBoro coeflHHeHHH Banos. 9 

no^S K a f Ha 0 S m,TI ’ n<W ' IeTOM KaK P 63 ?™ 3 a «ep 0 B, npoHSBWHHBix «o 


* • • • k pHCKe (J)naH- 
yCT3HOBKH BKJiaflfelUia 


Notes: 1. Numbering of blades is 


clockwise 


2. Calibrated blade No • • * 
connection of shafts. 

3. Size e shall be determined 


counter-clockwise. 

. is Positioned at an angle of.to the mark on flange 

by calculation as a result of measurements before positioning the bearing shell. 
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4-11. KPBIUIKH THAPOTyPEHU 


4-11. HYDRAULIC TURBINES 
HEADCOVERS 

A. MECHANICAL DESIGN AND PURPOSE 


A, ICOHCTPYKUtHH H HA3HA*!EHHE 

KpbiuiKa ruflpoTypSuHbi npeACTaBJineT co6oh jih- 
xyio HJIH CBapHyiO KOJILIjeByiO KOHCTpyKI^HK) jih6o 
i^ejibHyio, jih6o cocTonmyio H3 AByx hjih 6ojibme 
noHCOB no BbicoTe, Kan<AbiH H3 kotopbix, b cboio 
onepeAb? pa3AeJieH Ha hcckojibko cerMeHTOB no OKpync- 

HOCTH. 

IlepeA ycTaHOBKon Ha mccto KpbiniKy oGbbiho 
yKpymnnoT b eAHHoe nejioe, a HHorAa h b Aejibin 6 jiok 
rHAPoarperaTa b cocTaBe KpbiuiKH rHApoTypSnHbi, 
onopbi peryjinpyiomero KOJiBija h onopbi noAnHTHHKa 
rHAporeHepaTOpa. (pnc. 91). 

Hh>khch nacTH KpbiuiKH, rpamroameH c noTOKOM 
BOAbi, npHAaioT odTeKaeMyio (jjopMy. 

B KOHCTpyKijHHX niApoarperaTOB c pacno;io>KeHHeM 
noAnHTHHKa Ha KpecTOBHHe rnAporeHepaTopa KpbiniKy 
rHAP 0 Typ 6 HHbi paccuHTMBaioT Ha chjibi, AeHCTByiomne 
BBepx, Bbi 3 biBaeMbie MaKCHMajibHo bo3mo>khi>im a&b- 
jieHneM Ha Hee co ctopohm noTona boa*>i> h Ha chjibi, 
AencTByioiAHe bhh 3, nonynaeMbie npn Mai<CHMajibHOM 
pa 3 pe>KeHHH noA nen, o6pa3yiomeMCH npn c 6 pocax 
Harpy 30 K c arperaTa. B Tex KOHCTpyKHHHx rHApoarpe- 
raTOB, tag onopa noAnHTHHKa pacnojicnKena Ha KpbiniKe 
THApOTypGHHbl, 3Ty KpbiniKy paCCHHTbIBaiOT TOJIbKO 
Ha cnjibi, A^HCTByiomHe bhh 3, nojiynaeMbie 3a cuer 
Beca poTopa rHApoarperaTa, AaBJieHHH BOAbi Ha pa 6 o- 
qee KOJieco h MaKCHMajiBHO B03MO>KHoro BaKyyMa hoa 
K pbiuiKofi npn cSpocax c arperaTa Harpy30K. Chjibi, 
AencTByioiAHe BBepx (ot noTona boabi), b stom cjiy- 
nae b pacner He npHHHMaioTCH , TaK KaK hx BejiHUHHa 

no CpaBHeHHIO C yCHJIHHMH, A^HCTByiOIHiHMH BHH3, 
HecpaBHHMo Majia. 

B HacTonmee BpeniH b KOHCTpyKijHHX rHApOTypSnH 
CTajin HaxoAHTb npHMeHeHne KpbiuiKH moctoboto rana. 


The turbine headcover is a cast or welded structure 
which may be made integral or built up of two or more 
belts over its height, each of the belts being subdivided 
in its turn into several sections over the periphery. 

Usually the turbine headcover is assembled into a 
whole prior to installing in the working position. 
Sometimes the turbine headcover is assembled with 
operating ring support and the hydrogenerator thrust 
bearing support (Fig. 91). 

The bottom part of the headcover, which is in con¬ 
tact with water flow, is made of a streamlined shape. 

Where the thrust bearing is arranged on the hydro¬ 
generator bracket, the .turbine headcover is designed 
to sustain forces acting upwards and resulting from 
the maximum possible water pressure onto the cover 
as well as forces directed downwards and initiated 
by the maximum rarefaction under the cover occuring 
during load shedding. In hydroelectric generating units 
with thrust bearing seats arranged on the turbine 
headcover this latter is designed to sustain only the 
downward forces due to the hydropower unit rotor 
mass, water pressure upon the runner and maximum 
possible vacuum under the turbine cover at load 
shedding. Forces acting upwards (from the water flow) 
are not accounted for in this case since they are negli¬ 
gible as compared with those acting downwards. 

At present turbine headcovers of the so-called bridge 
type have found application in designs of hydraulic 
turbines. 



Pnc. 91. yKpyrraeHHbie 6jiokh ruApoarpe- 
raTOB b cocTaBe kpbihikh ra apOT yp6 hhbi , 
onopbi peryjiHpyioiAero KOjiBAa h onopBi 
noAnHTHHKa ruAporeHepaTOpa 

Fig. 91. Enlarged assemblies of hydropo¬ 
wer units comprising hydraulic turbine 
headcovers, shifting ring and generator 
thrust bearing supports 
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B* MOHTA3K 

KpbiuiKy rn^poTypSHHbi oSbiuho ycraHaBJiHBaiOT 
Ha Mecro nojiHOCTtio coSpaHHOH b e^HHoe i^ejioe Ha 
MOHTa>KHOH rniomaAKe, a HHor^a Raytce u Sojiee npyn- 
HBIM 6JIOKOM, COCTOHIAHM H3 KpbUUKH THApOTyp SliHbl , 

onopbi peryjiHpyiouqero KOJibi^a h onopbi no I a,riHTHHKa. 
CTaBHT KpbiuiKy Ha Mecxo nocjie onycKaHHH pafiouero 
KOJieca b KaMepy, ho oGbimho ao TOUHoro AeHTpHpoBa- 
hhh Bajia Typ6nHbi. B Tex cjiyuanx, Kor^a AHaMeTp 
OTBepCTHH B HH>KHeM nOHCe KpbllHKH MeHbHie AHaMCTpa 
BepxHero cjjAaiiAa xypSuHHoro Bajia, iiojiobhhkh hhhc- 
Hero noHca onycnaiOT Ha pafiouee KOJieco ao ycraHOBKH 
Ha Mecro BepxHen kojibacboh uacra KpbiuiKH. 3aTeM 
nocjie ycTaHOBKH BepxHen uacra KpbiuiKH iiojiobhhkh 
HH>KH ero noHca cocahhhiot b oaho kojibao h noATHra- 
BaioT jih6o Ha yAJiHHeHHbix mrouibKax, jih6o c noMO- 
iamo npaHa, Tajien hjih AOMKpaTOB k HH>KHeMy (JjjiaHAy 
noHca KpbiuiKH 5 conpnraeMoro c hhhchhm kojibaom. 
Ilocjie 3Toro npoH3BOAHT OKOHnaTejiBHoe KpenjieHHe 
KOJiBAeBoro CTbiKa GoATaMH. x Ito6bi npeAOTBpaTHTb 
npoTeHKH boabi, Me>KAy njiocKOCTHMH pa3beMa cocraB- 
hbix ajieMeHTOB KpbmiKH KjiaAyT cjioh rycTo pa3BeAeH- 
Horo Ha HaTypajiBHoii ojiH(J)e CBHHAOBoro cypHKa, a 
Me>KAy conpnraeMbiMH (jjuaHAaMH Ha KpbiuiKe h Ha 
BepxHeM onopHOM kojibac — pe3HHOBbin HiHyp hjih 
npoMa3aHHyio cypHKOM napycHHOByio TKaHB. KpbiuiKH 
AeHTpnpyiOT othochtcjibho Bajia c Tanon tohhoctbio, 
HToSbl HMeJiaCB B 03M0>KH0 CTB nOCTaBHTB H OTA^HTpH- 
pOBaTB 3aTeM c TpeSyeMOH no TexunuecKHM ycaobhhm 
TOHHOCTBK) KOpnyC noAHIHnHHKa. 

Ecjih npH H3roTOBJieHHH KpbiuiKH hjih onopHoro 
KOjiBAa 6biJi AonymeH A^eKT, H3-3a KOToporo KpbiuiKy 
HejiB3H nocTaBHTB b KOHACHTpHHHoe c BajioM noAO- 
>KeHHCj TO HaCTB OTBepCTHH Ha KpblHIKe nOA HinHJIBKH 
KpenjieHHH , a HHorAa h Bee paccBepjiHBaiOT Ha Sojibhihh 
AnaMeTp, oGecneuHBaioiAHH nepeABH>KKy KpbiuiKH b 
KOHACHTpHUHoe c BajioM noAonceHHe. HHorAa npn stom 
TaKHCe npHXOAHTCH npOH3BOAHTB 3anHJIOBKy hjih py6ny 
nocaAOHHoro GypTHKa Ha KpbiuiKe hah 3aT0UKH Ha 
onopHOM KOJiBAe. 

IIocAe OKOHnaTeABHoro A^HTpHpOB aHHH h pacKpen- 
Ae hhh KpbiuiKH ee HiTH(|)TyK)T HecKOJiBKHMH npnna- 
COUHblMH HITH(J)TaMH, no CTaBAHeMbIMH BMeCTe C THAPO- 
TypGHHofi. CBepAeHHe h pa3BepTbraaHHe OTBepCTHH rjw. 
UITHtjjTOBKH KpbUUKH, a paBHO H APyrHX y3AOB THApO- 
arperaTa oGbiuho npoH3BOAHT nHeBMaTHuecKOH MauiHH- 
koh, a npH Soabiuhx A^aMerpax — nHeBMaTHuecKOH 
MauiHHKOH uepe3 cneAuajiBHbiH peAyKTOp. npH ycra- 
HOBKe IHTH(j)TOB CAeAyeT oSpaiAaTB BHHMaHHe Ha TO, 
UToGbl OTBepCTHH RJIH. HHX He GbIJIH CKB03HbIMH, TaK 
KaK 3T0 npHBOAHT K BbITaJIKHBaHHK) AaBAeHHCM BOAbI 
niTH<j)TOB H K o6pa30BaHHK) B HiaXTe THApOTypSHHbl 
CHJIBHblX 4>OHTaHOB. 3T0 OCOGeHHO B3>KHO flJIH BbICOKO- 
h cpeAHeHanopHbix rHApoTypGnH. 


B. EJECTION 

The turbine headcover is usually installed into the 
design position as a whole unit pre-assembled on the 
assembly floor of the powerhouse. Sometimes it is 
included into an even larger assembly comprising the 
turbine headcover, the shifting ring support and the 
thrust bearing seat. The turbine headcover is installed 
in its design position after lowering the runner into 
the throat ring but usually prior to accurate centring 
of the turbine shaft. In case the diameter of the hole 
in the lower belt of the cover is smaller than the dia¬ 
meter of the turbine shaft top flange, the halves of the 
lower belt are lowered onto the runner prior to the 
installation of the upper annular part of the headcover. 
Then, with the upper part of the headcover already 
installed, both the halves of the lower belt are integrated 
into one ring and pulled up with the help of elongated 
stud bolts or a crane, tackles and jacks to the bottom 
flange of the cover belt adjoining the lower ring. Then 
the annular joint is finally bolted. To prevent water 
leakage a generous coat of minium diluted in boiled 
linseed oil is applied to the joints of the headcover 
component parts. In flange joints on the cover and in 
the upper supporting ring a rubber cord or canvas 
coated with minium is placed. The covers are centred 
in respect to the shaft with an accuracy providing 
for placing and centring the bearing housing with 
the specified accuracy. 

In case manufacturing defects are revealed in the 
headcover or the supporting ring, so that these parts 
fail to be positioned concentrically in respect to the 
shaft, some stud bolt holes in the cover (and sometimes 
— all the holes) are to be bored or reamed to a larger 
diameter so as to make it possible to shift the headcover 
to a position in which it is concentric with the shaft. 
In doing this it may be required to file or chisel the 
fitting fillet on the cover or the neck on the sup¬ 
porting ring. 

After the headcover is finally centred and secured, 
it is fixed on fitting pins supplied complete with the 
turbine. Drilling and reaming holes for the cover pins 
and for other assemblies of the hydropower unit is 
usually carried out with the help of a pneumatic drill 
and in case of large diameters — with the help of a 
pneumatic tool through a special reduction unit. When 
mounting pins care should be taken to prevent making 
through holes in which case pins will be pushed out 
by water pressure and water spouts will appear in the 
turbine pit. This is especially important in case of 
medium-head and high-head turbines. 
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4-12. AEHTPHPOBAHHE BAJIOB 
rnjjPOTypBMB 

Ban rHAP 0T YP^ HHbI riocne cro oKOHuaTenBHoro 

IjeHTpHpOBaHHH HBJIHeXCH HCXOflHOH 6a30H HpH flaJIB- 
HeihueM MOHTaiKe yajioB Bcero rHApoarperaxa. Iloa- 
tomy ero HeoSxoflHMO oxqeHxpupoBaxb xan, uxofibi ocb 
ero 6bi:ia crporo BepraKajibHOH n coBna^ajia c ocbio 
K a»iepbi paSo^ero KOJieca y noBopoTHO-JionacTHbix 
rHAPOTypSHH H C OCbK) HenOflBH>KHbIX ynJIOTHHTejIbHbIX 
KOJiep y pafluajibHo-oceBbix rnflpoTyp6HH. OnHCbiBan 
ycraHOBKy pa6o<fflx KOJiec b npaTepe, mbi y>Ke OTMe- 
TI£UIH> HTO npH peHTplipOBaHHH HX no 3a30paM H Bbicoxe 
Ban npeABapnxenbHo ycxaHaBJMBaiox b BepxnKajiLHoe 
nojrcoKeHne c HeKoxopon Hexonnocxbio. IIoaxoMy npn 
oKOHnaxenbHOM peHxpupoBamffl Bana oTKJioHeroie ero 
ocn ox npe>KHero nononceHnn 6y,nex HnnxojKHbiM, n 
H 3 MeHeHne 3a3opoB Mencny KonecoM n HenoABH>KHbiMH 
oneMeHxaMH He 6y«ex Hiwexb npaKXHnecKoro 3HaneHHH. 

Bajibi rHApoxypSHH, cornacHO TexHHnecKUM ycno- 
bhhm Ha MOHxa>K BepxHKajiBHbix rHApoarperaxoB, nen- 
Tpnpyrox «o xanoft cxeneHH tohhocxh, npn KOTOpon 
OXHOCHXeJIbHOe OXKJIOHeHHe HX OCH ox BepxHKajiH He 
npeBbiuiaex 0,02 mm Ha KawflbiH Mexp ajihhbi Bana. 

B Hacxonmee BpeMn neHTpnpoBaHHe Bana mo>kho 
ycneuiHO npoH3iso;i,Hxi> no 6onee tohhbim oobiKiiOBCH- 
HbiM h paMOHHbiM ypoBHHM nepBOH rpynnbi c neiioii 
neneHHH, paBHOH 0,02 mm Ha 1 m flnHHbi, nxo b 3apy- 
6 okhoh npaKXHKe MOHxawa yn<e uinpono pacnpocxpa- 
HeHo. npH 3XOM ypoBeHb ycxaHaBnHBaiox Ha noBepx- 
HOCXb BepxHero ^naHpa nocneflOBaxentHO b nexbipex 
Mecxax, HaxoflnmHxcn Ha onroiaKOBbix paccxonHHHx ox 
peHxpa h pacnonon<eHHbix Ha «Byx b33hmho nepneH- 
AHKynapHbix nnaMexpax. Ecnn npn npoBepne ypoBHeM 
Ha noBepxHocxH (j).'ianna SyneT o6napy>Kena neKoxopan 
BorHyxocxb vum BbinyKnocxt, 3X0 AOJi>kho 6bixb coot- 
BeXCTBeHHO CKOppeKXHpOBaHO. 

KpoMe xoro, flnn KOHxponH cflenaHHbix 3aMepoB 
nenecoo6pa3HO xan>Ke npoH3BecTH npoBepKy Bepxn- 
KanbHOCXH Bana no paMOHHOMy ypoBHio nyxCM npHKna- 
AbiBaiiroi ero cooky Bana r raK>KC b neTbipex Mecxax 
Ha OAHHaKOBoii Bbicoxe Bana. Ecnn npn npoBepKe 
paMOHHbiM ypoBHeM SyneT o6Hapyn<eHa KOHycHoexb 
Bana, Bbi3BaHHan HexonHOCTbio oOpaSoTKH, axo Taione 
Aon>KHo Gbixb ynTeHO npn onpeneneHHH nencxBHxenb- 
Horo nono>KeHHH och Bana. 

Bonee tohho neiiTpi-ipoBaniie Bana iipoiisno/un' no 
nexbipeM cTpyHaM. CymHoexb Tanoro neHxpnpoBaHHH 
cboahxch k cnenyioineMY. Ha BepxHeM (J>naHpe ayponn - 
Horo Bana pasMeinaiox h HaflentHO oaKpennmox cne- 
AnanbHyio Kpecxoo6pa3Hyio koiicxpykhhk) , cnonaHi-iyio 
H3 xpy6 nnn yronbHHKOB. Alc/Kpy sxoh KpecxoBHHOH 
h (JmamjeM Bana noMemaiox oJicKxpoiisojoiUHonnyio 
npoKnanny, Koxopan b na.'ibneHineM, npn oxcyxcxBHH 
Kacamra uixHXMacca o cxpyHy, npennxciByex npoxo>i<- 
AeHHio xona nepe3 KpecxoBHHy k Bany (pnc. 92). K 
KOHijaM KpecxoBHHbi iipHKpeii-i>iiox cxanbHbie cxpyHbi 
c rpy3aMH, Koxopwe onyci-caiox b cocyAbi c MacnoM, 


4-12. ALIGNMENT OF TURBINE 
SHAFTS 

After a final alignment, the turbine shaft provides 
a reference base for further erection of all the parts 
of the hydropower unit. Hence, the shaft should be 
centred and aligned so that its axis is strictly vertical 
and aligned with the centre line of the runner throat 
ring for adjustable-blade turbines and with the centre 
line of fixed sealing rings of radial-axial turbines. 

It was noted when describing installation of the runner 
in the turbine pit that the shaft is first installed in 
the vertical position with some degree of inaccuracy 
when centring the runner in respect to clearances and 
in elevation. For this reason, the deflection of the 
shaft centre line from the previous position will be 
negligible after its final alignment and variations in 
clearances between the runner and the fixed elements 
will be practically of no importance. 

According to specifications for the erection of 
vertical-shaft hydropower units, hydraulic turbine shafts 
are to be aligned with such a degree of accuracy that 
the relative deviation of their centre line from the 
vertical is not in excess of 0.02 mm per meter of the 
shaft length. 

At present, the shaft may be aligned more accurately 
with the help of conventional and frame-type first-class 
levels having a scale increment of 0.02 mm per one 
meter of length. These levels are widely used in the 
erection abroad. The level is placed in succession on 
the top flange surface at four points equally spaced 
from the centre and located on the ends of two mutually 
normal diameters. In case any concavity or convexity 
will be revealed on the flange top surface when checking 
it with the help of a level, the flaws are to be corrected 
correspondingly. 

Besides, it is also advisable to check the shaft 
for its vertical position applying a frame-type level 
to the shaft sides also at four points on the same 
height. This helps in checking the results of measure¬ 
ments made previously. In case the check with the 
help of a frame-type level will reveal taper of the 
shaft due to inadequate machining this should be also 
taken into consideration when determining the actual 
position of the shaft centre line. 

A more accurate alignment of the shaft is carried 
out with the help of four strings. This method amounts 
to the following. A special cross-shaped structure made 
of steel or angle plates is mounted and securely fixed 
on the top of the turbine shaft. Between this cross-piece 
and the shaft flange an insulating gasket is fitted to 
isolate the former from electric current on condition 
that the pin gauge is not in contact with the string 
(Fig. 92). The ends of the cross-piece are attached to 
steel strings with weights immersed in oil vessels placed 
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pacnojio>KeHHbie Ha KpbiuiKe TypfiHHbi. Cocy^bi c 
MaCJIOM npHMeHHIOT AJIH TOID, HToSbl CTpyHa, npHKOC- 
HyBHiaHCH K iiiTHXMaccy, SbicTpee npeKpaxHjia cboh 
KO jieGaTejibHbie abhxkchhh h npHnuia b nepBOHauajih- 
Hoe craTH^iecKo e coctohhhc. 

CrpyHbi peKOMeH^yeTCH HaBeuiHBaTb 6jiH>Ke k Bajiy 
h no bo3moxkhocth Ha paBHOM paccTOHHHH ot Hero, 
hto oSecnenHBaeT 6ojiee Tounoe n fibicrpoe ijeHTpH- 
pOBaime Bajia. 

npHMeHHeMbie npH i^eHTpupoBaHHn rpy3bi (oTBecbi) 
Aojihchbi 6biTb TaKoii BejiHHHHbi, HToSbi odecneuHBa- 
jiocb xopoinee HaraHceHHe CTpyH, paBHoe npHMepHo 
ycHJiHio okojio 80—90 kjtc/mm 2 . JXsm ofibiHHo npHMeHae- 
Mbix CTpyH AKaMeTpoM 0,3 mm 3to cooTBeTCTByeT rpy 3 y, 
paBHOMy 5,5—6 Krc Ha KancAyio cTpyHy. Oopma sthx 

OTBCCOB -AHJIHHApHHeCKaa, C 3a0 CTp eHHbIM HHHCHHM 

KOHIJOM. IloCJie HaBeCKH CTpyH H ycraHOBKH ycnOKOH- 
TejibHbix cocyAOB c MacjiOM coOnpaiOT ojieKTpHuecKyio 
CXeMy RJUL IjeHTpHpOBaHHH Bajia. J\siK 3TOrO 3a>KHMbI 
HCTOHHHKa nocroHHHoro TOKa (oObiHHo cyxHX 6aTapeei< 
ot noneBbix Tejie(J)OHHbix annapaTOB) npncoeAHHHiOT 
K KpeCTOBHHe H Hepe3 MHJIJIHBOJIBTMeTp HJIH MHJIJIHaM- 
nepMeTp — k Baity TypSnHbi. HHor^a bmccto sjieKxpo- 
H3MepnTejiBHbix npndopoB npHMeimioT paAHOHaym- 
HHKH. 


on the turbine headcover and intended to damp oscil¬ 
lations arising when the string touches the pin 
and to return the string to its initial state of 
static rest. 

It is recommended to suspend the strings close 
to the shaft and, if possible, at equal distances from 
it, this providing for more quick and accurate align¬ 
ment of the shaft. 

The weights used for alignment should be heavy 
enough to ensure adequate tension of strings correspond¬ 
ing to about 80 to 90 kgf/mm 2 . For strings 0.3 mm in 
diameter, which are commonly employed for the pur¬ 
pose, the weight required for one string is' to be 5.5 
to 6 kgf. These weights are to be cylindrical in shape 
and have a conical bottom. Upon suspending the 
strings and installing oil dampers the electric circuit 
for the shaft alignment is to be set up. For the pur¬ 
pose, the terminals of a direct-current source (usually 
dry batteries of a field telephone set) are connected 
to the cross-piece and (through a millivoltmeter or a 
milliammeter) to the turbine shaft. Sometimes head¬ 
phones are used instead of electrical measuring instru¬ 
ments. 



no cTpyHOM: 

l — KpecTOBima; 2 — Ban; 3 — H3o jih l(hohh3h npoKjiaflKa; 
4 — CTpyHa; 5 — uiTHXMacc; 6 — onopHtm xoiwyT; 7— cocyfl 
c MacjiOM; 8 — OTBec; 9 — mhjijihb ojibTMeTp hjih mh juih&m nep- 
MeTp; 10 — cyxan SaTapen; 11 — upoboahhk 


Fig. 92. Alignment of turbine shaft by piano wire: 

1 — bracket; 2 — shaft; 3 — insulating gasket; 4 — piano wire; 
5 — pin gauge; 6 — strap; 7 — oil vessel; 8 — plumb; 9 — milli¬ 
voltmeter or milliammeter; 10 — dry battery; 11 — conductor 



Phc. 93. BnjiKa #jih ijeHTpHpoBaHHH Bajion ra^po- 
arperaTos: 

1 —MHKpOMexpHnecKan ronoBKa; 2 — yfljiHHHTeja H3 HaCopa 
mTHXMacca ; 3 — BHJiKa 

Fig. 93. Fork for alignment of hydropower unit shafts: 

1 — micrometer head; 2 — attenuator of pin gauge set; 3 — fork 
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BBHAy HaJIHHHH MOKAy KpeCTOBHHOH H <j)JiaHIjeM 
Bajia H 30 JIHAHOHHOH IIpOKJiaAKH SJieKTpHHeCKan U£Uh 

b a^hhom cnyuae OKanceTcn p a3 OMKHyxoH h crpejiKa 
npndopa 6yAer ctohtb Ha Hyne. 3aTeM Ha Ban TypbHHbi 
HaA^BaiOT Asa cneitHaJibHbix ynopHbix xoMyTa c TaKHM 
pacueTOM, HTo6bi paccTOHHHe hx Apyr ot Apyra 6 bijio 
no bo 3 Mo>khocth dojibme h HTodbi BepxHHH onopHan 
iuiockoctb na>KAoro H3 hhx 3aHHMana othochtcjibho 
ropH 30 HTa jibho e nojio>i<eHHe. Jfjin 3aMepa p accTOHHHH 
ot Ka>KAofi CTpyHbi ao Bana b AByx ero ceueHHHx npn- 
MeHHioT cneitHajibHyfo BHJiKy (pnc. 93), b KOTopyro 

BBepTbIBaiOT MHKpOMeTpHUeCKyiO TOJIOBKy H yAJIHHH- 
Tejit H3 Hadopa ot niTHXMacca. 

TexHHKa 3aMepoB nojio>KeiraH Bana oraocHTejibHO 
BepTHKanbHOii och cboahtch k cneAyionteMy: onupancb 
bhjikoh 5 Ha xoMyT 6 (puc. 92) h nnoTHo, ho 6e3 6 ojh>- 
mnx ycnjiHH npH>KHMan ee poraTKH k Bany, nepeMe- 
maiOT ronoBKy mraxMacca b BepTHKajibHOH h ropH30H- 
TanbHofi nnocKOCTHX h TeM caMbiM onpeAenniOT, hah, 
KaK npHHHTO roBOpHTb y MOHTa>Kiim<OB, HamymiBaioT 
HaHKpaTuaHiuee paccTOHHHe ot Bana ao cooTBeTCTByio- 
HtOH CTpyHbi. IIpH 3T0M 3aMepHK)T TOnbKO OTHOCHTenb- 
Hbie BenHHHHbi, T.e. pa3Mepbi BbiABHraeMOH ronoBKH 
6e3 yneTa AJmnbi BHnKH h BCTaBKH. Jimmy H3Mepn- 
TenbHoro ycxpoHCTBa npH 3aMepax hsmchhiot noBopo- 
tom MHKpoMeTpnnecKOH ronoBKH. IloAne>KHT yneTy 
TOnbKO Tanoe 3aMepneMoe paccTOHHHe, npn kotopom 
KacaHHe MHKpoMeTpuuecKOH ronoBKH k CTpyHe 6yAeT 
caMbiM HHHTO>KHbiM. HyncHyio cTeneHb Kacaimn onpe- 
AenniOT: npn nonb30BaHHH MHnnHBonbTMeTpoM — ot- 
KnoHeHneM erpenKH He Sonbrne neM Ha ABa-Tpn Aene- 
HHn, a npn nonb30BaHHH HayiiiHHKaMH — eABa cnbirn- 
HbiM mopoxoM b HayuiHHKax. 3anHcaB 3aMepeHHbie 
TaKHM cnocoSoM oTHOCHTenbHbie BennuHHbi paccTOH- 
HHH OT Bana AO COOTBeTCTByiOmHX CTpyH B BOCbMH 

oTMeneHHbix Ha pnc. 92 nono>KeHHHx (a l5 6 X , e 13 ^ 1 , 
b 2 2 )> onpeAenniOT CTeneHb OTKnoHeimn och 
Bana ot BepTHKann. 

IIpHBeACM pacueT oTKnoHeHHH och Bana ot Bepxn- 
Kann, CAenaHHbiH, hcxoah H3 peanbHbix ycnoBHH, 
3aKniouaioiAHxcn b tom, hto Bee CTpyHbi HaxoAHTcn He 
Ha oAHHaKOBOM paccTOHHHH ot och Bana, h Ban no 

KOHCTpyKIJHH HnH H3-3a HeTOHHOCTH H3rOTOBneHHH B 
MecTax 3aMepoB HMeeT pa3Hbie AnaMeTpbi. Jfnn HarnHA- 
hocth npe a craB nemm 06 OTKnoHeHHH och Bana ot Bepra- 
Kann b na>KAOH nnocKocTH, nepe3 KOTopbie npoxoAHT 
ABe npoTHBonono>Kiio pacnono>Keniibie CTpyHbi, Mbic- 
neHHo HaHeceM och I—I h II — II, Aonmitne nononaM 
p aCCTOHHHH MOKAy KaHCAOH napOH CTpyH (pnc. 94). 
3aTeM nyTeM BbiHHTaHHH onpeAenHM pa3HOCTH 3aMepoB: 

<X- X “~ 6 X — A ? ^2 ”“ ^ = A ^2^1 5 ” A 3 

e x — ^ 2 = A e 2 2 2 . IIonyueHHbie pa3H0CTH otho>khm ot 
ocefi I—I h II—II Ha ochx x x h x 2 h Ha KOHenHbix 
rpaimmax othx bcjihhhh ycTaHOBHM cooTBeTCTByioiitKe 
TOHKH /, 2, 3 H 4. IIpH 3TOM 3HaHeHHH CO 3HaK0M 
nmoc oTno>KHM b npaByio cTopoHy ot ocen I —I h 
II — II, a 3 HaueHHH co 3HaKOM MHHyc — b nesyio cto- 
poHy. HeTpyAHo 3aMeTHTb, hto npHMbie nHHHH, npoxo- 


Due to the presence of an electrical insulating 
gasket between the cross-piece and the shaft flange 
the electric circuit will be open in this case and the 
instrument pointer will remain at zero. Then two 
special thrust collars are fitted on the turbine shaft 
and spaced apart as far as possible so that the top 
bearing plane of each of them is relatively horizontal. 
To measure the distance between each string and the 
shaft in two sections a special fork (Fig. 93) incorporat¬ 
ing a micrometer head and a pin gauge extender 
is used. 

The procedure of measuring the vertical position of 
the shaft is as follows: resting with fork 5 on collar 6 
(Fig. 92) and pressing its horns to the shaft tightely 
but without undue efforts, the pin gauge is moved 
both in the vertical and horizontal planes thus determin¬ 
ing, or rather “feeling”, the shortest distance between 
the shaft and the nearest string. In doing so, only 
relative values, that is the dimensions of the pro¬ 
truding head, less the length of the fork and extender, 
are measured. In the process, the length of the measuring 
gauge is varied by turning the micrometer head. Only 
such measured distances are to be taken into account 
and recorded at which the contact of the micrometer 
head with the string is the weakest. The required degree 
of contact is determined as follows: when using a 
millivoltmeter, the pointer deflection is to be not 
more than two or three scale divisions and when 
using head-phones only hardly audible noise is to 
be heard in the head-phones. Relative distances bet¬ 
ween the shaft and the corresponding strings measured 
at eight points shown in Fig. 92 (a ly 6 Xi e x , ^ 1 , a 2> e 2 , 

z % ) are put down and the degree of the shaft deviation 
from the vertical is determined. 

An example of how to calculate the deviation of a 
shaft from the vertical is given below. This calculation 
is made proceeding from actual conditions, that is 
assuming that all the distances between the shaft 
and the strings are unequal and the diameter of the 
shaft at different sections is not the same either due 
to design or manufacturing errors. To illustrate the 
situation showing how the shaft centre line deviates 
from the vertical, s let us draw imaginary axes I—I 
and II—II in each plane passing two opposite strings, 
so that the distance between each pair of strings is 
halved (Fig. 94). Then, by subtracting the differences 
in measured values are determined: a x — 6 X — A a x 6 X ; 
< 22 —d 2 — Aa 2 6 2 j ff x — 2 ] -— Ao x 2 j , <?2 ” A# 2 ^ 2 * -differen¬ 

ces obtained are plotted from axes I—I and II—II on axes 
x x and x 2 and on the end boundaries of these values cor¬ 
responding points 1, 2, 3 and 4 are marked. The positive 
values are plotted to the right from axes I—I and 
II—II and the negative values, to the left of them. 
It is easy to note that the straight lines passing through 
these points in both mutually normal vertical sections 
coinside and form the centre-line of the actual posi- 
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AHnjue nepe3 sth tohkh b o6ohx b33hmho nepneHAH- 
KyjiapHbix BepTHKajibHbix ceneHHHx, coBna^yT Me>KAy 
C 060 H H HBHTCH OCBK) ^eHCTBHTeJlbHOrO nOJIOHCeHHfl 
Bajia ra£poTyp 6 HHBi, KOTopaa HarjiHAHo noKa>KeT, b 
Kanyio cTopoHy HaKJioHeH Baa. 

BejiHHHHa HaKjiOHa Bana Ha AJiHHe / b KancAOH 
3 aMepeHHOH BepTmcajiLHOH njiocKocTH 6yAex cootbctct- 
BeHHO paBHa CyMMe aScOJIIOTHBIX BeJIHHHH paCCTOHHHH 

ox ocen I — I h II —II ao cootb eTCTBy ioiijhx Toaen Ha 
ocax x x H x 2 , T.e.: A 1 = [Aa x 6 x ] + [a 2 6 2 ] h A 11 = 
= [Ae^i] + [Ae 2 2 2 ] ? r%e A I h A II — bcjihhhhbi 
HaKJioHa b na>KAOH H3 3aMepeHHbix B3aHMH0 nepneH- 
AHKyJIHpHblX IIJIOCKOCTeH. 

A 6 cOJIK)THyiO BeJIHHHHy AOHCTBHTejIbHOrO HaK- 
jioHa Bana Ad mo>kho onpeAejiHTb no (JiopMyjie: 
Ad =]/A I 2 + All 2 , rAe Ad — MaKCHMajibHaa BejiH¬ 
HHHa yKjiona Baaa Ha ynacTKe ajihhoh /. 

TIjih onpeAeaeHHa oTHocHTejitHoro ynjicma Baaa 
3HaneHne aficojiiOTHoro yKjioHa pa3AeanM Ha Aanny /. 
TaKHM o6pa30M, OTiiocHTejiBiiBiH ynaoH HaiiAeM H3 
cooxHomeHHa A/ = Ad//, rAe A/ — OTHocHTejiBHbiH 
ynaoH Baaa. 

Ecan nocae noAcneTa BeananHa OTHocHTeatHoro 
yaaoHa 6yAeT Gojibine 0,02 mm/m, to nojio>KeHHe Baaa 
otho CHTeabHo BepTHKaan H3MeHHM ao xpeOyeMOH toh- 
hocth. Y noBopoTHO-aonacTHbix rnApoTypOnH CAeaaeM 
3to, H3MeHHB AJmny noABecoK hoath>kkoh raen Ha 
hhx, a y paAHanbHo-oceBbix — nyTeM hoaOhbkh nap- 
Hbix BCTpeaHbix KaHHbeB, 3aao>i<eHHbix no a o6oaom 
paSonero Koaeca. 

Jlaa ayamero ocbochhh BonpocoB ijeHTpHpoBaHHH 
HHa<e paccMOTpHM KOHKpeTHbiH npHMep. JIonycraM, 
hto HaMH noayaeHbi cjieAyiomne AaHHbie 3aMepoB no 
roaoBKe mxHXMacca (pnc. 94): a x = 4,25; 6 X = 3,46; 


tion of the turbine shaft thereby showing to which side 
the shaft is inclined. 

The amount of inclination of the shaft on length 
“ 1 ” in each measured vertical plane will be correspond¬ 
ingly equal to the sum of absolute values of distances 
from axes I—I and II—II to corresponding points 
on axes x x and x 2 , that is: 

AI = [A a x 6 x ] + [a 2 6 2 ] and All = [Ae x e x ] + [Ae 2 z 2 l 
where Al and All show the amount of inclina¬ 
tion in each of the two mutually normal measured 
planes. 

The absolute actual inclination of the shaft can 
be found from the equation: Ad = J^AI 2 + All 2 , 
where Ad is maximum inclination of the shaft on 
length “ 1 ”. 

To determine a relative inclination of the shaft, 
the absolute inclination is to be divided by length 
Thus, the relative inclination is found from the 
equation A / = Ad//, where A / is relative inclination 
of the shaft. 

If relative inclination is in excess of 0.02 mm/m 
the position of the shaft in respect to the vertical is 
to be corrected. In adjustable-blade turbines this cor¬ 
rection is made by changing the length of suspensions 
through tightening the nuts on them; in radial-axial 
turbines the correction is made by fitting paired oppos¬ 
ing wedges under the runner rim. 

To give better insight into the problems of shaft 
alignment an illustrating example is given below. Let 
us assume that the head of the pin gauge gives the 
following readings (Fig. 94): a x = 4.25; 61 = 3.46; 
a 2 = 2.31; 6 2 = 3.40 and, correspondingly, e x = 4.05; 
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a — 2,31; 6 2 = 3,40 h cootb eTCTBeHHO e x = 4,05; z x = 
J= 3,85; <? 2 = 3,26; z 2 = 2,64. OnpeAeJiHM pa3HOCTH 
3aMepoB: 

A a x 6 x ~a x — 6 X =4,25—3,46=0,79 mm; 

A a 2 6 2 =a 2 — 6 2 =2,31—3,40=—1,09 mm; 

A e x e x =e x — 2 1 =4,05—3,85=0,20 mm; 

A 8 2 b 2 =6 z —£ 2 = 3,26 — 2,64=0,62 mm. 

IIoJiyueHHbie bcjihhhhbi otjio>khm cootbctctb eHHO 

OT ocefi I-1 H II-II H Ha OCHX x x H X 2 OTMeTHM TOHKH 

j 9 2, 3 h 4. 3aMeTHM, hto tohkh 1, 3, 4 6yAyT Haxo- 
AHTbCH no npanyio CTopoHy ot ocefi I h II, a TOHKa 
2 — no jieByio CTopoHy ot och I — I, Tan nan pa3HOCTb 
a 2 — 6 2 HMeeT oTpuijaTejibHoe aHanemie. Cocahhhb TOHKy 
1 c TOHKOfi 2 H TOHKy 3 C TOHKOH 4 , nOJiyHHM npHMbie 
jihhhh, coBnaAaiomne Me>KAy co6oh h c oclio Bana 

THAPOTypSHHbl. 

Ykjioh Bana b na>KAOH H3 AByx paccMaTpHBaeMbix 
nJiocKOCTeii Ha jxmme / 6yAex cootbctctbchho HMeTb 
cJieAyiomHe 3HaneHHH: 

A I = [0,79]+ [1,09] = 1,88 mm; 

A II = [0,2] + [0,62] = 0,82 mm. 

A6cojnoTHbiH ynjiOH onpeACJiHM H3 cjieAyioiAero 
paBeHCTBa: 

Ad - f(l,88) 2 + (0,82) 2 « 2 mm. 

OTHOCHTeJIbHblH yKJIOH npH / = 4 M COCTaBHT A/ = 

= 2/4=0,5 mm/m. 

IIoJiyueHHBie HaMH AaHHbie 3HaneHHH yKJiona hbho 
B ejiHKH, b CHJiy nero Ban cneAyeT AOAeHTpnpoBaTb ao 
T pe6yeMbix 3HaHeHHH cnocoGoM, yKa3aHHbiM Bbirne. 

4-13. HAIIPABJIfllOmilE 
iiommiiiHHKii re^POTypUHis 

A. KOHCTPyKI1HH H 1IA3HAMEH11L 

HanpaBJiHioniHH noAninnHHK jiio6oh rn ap OTyp Shhbi 
npeACTaBJineT co6oh y3en, coctohiakh H3 pHAa KpynHbix 
h MejiKHX AOTanen. KoHCTpyKAHH noAUiHnHHKOBbix 
y3JiOB OTJiHHaiOTCH APY r ot Apyra komhohobkoh, 
cHCTeMoii CMa3KH h MaTepHanoM BKJiaABiinen. IIpHMe- 
HeHHe TOH HJIH HHOH KOHCTpyKH,HIi oGyCJIOBJIHBaCTCH 
KaK paSoHHMH napaMeTpaMH rnApOTypGHHbi (cKOpocTb 
Harpy3KH h T.n.), Tan h TexHHHecKHMH Tpa ahijhhmh 
(J)HpM, H3roTaBJiHBaK>mnx rHApoTyp6nHbi. 

B MejiKHX rHApoTyp6nHax npHMeHHiOT noAinnnHHKH 

c 6a66HTOBbIMH, pe3HHOBbIMH, JIHTHa(|)OJIHeBbIMH H 
SanayTHbiMH bkJ iaAkimaMH, a TaioKe noAuinnHHKH Kane- 
hhh. KpynHbie h cpeAnne rHApoTypSnHbi AenaiOT c 
6a66HTOBbiMH BKJiaAbiuiaMH, paSoTaiomuMH c Macjm- 
HOH HJIH ryCTOH CMa3KOH, a TaKJKe c 06pe3HHeHHbIMH 

bkJ iaAtimaMH, paSoTaiomnMH c boa^hoh CMa3Koii. 
npHMeHHBiHHecH paHee rjix KpynHbix h cpeAHHx 
THApoTypSHH jiHraa(|)OJiHeBbie BKJiaAbiniH Tenepb nan 
y Hac, Tan h 3a py6e>KOM ynce He craBHTCH, BBHAy hx 


^ 1 = 3.85; e 2 = 3.26; z 2 = 2.64 (all values in mm). 
The differences of measured values will be as follows: 

A a x 6 x = a x —6 X = 4.25—3.46 = 0.79 mm; 

A a 2 6 2 = a 2 — 6 2 = 2.31—3.40 = —1.09 mm; 

A e x z x = e x —z x = 4.05—3.85 = 0.20 mm; 

Hxe 2 z 2 = e 2 —^ 2 = 3.26—2.64 = 0.62 mm. 

The values obtained are plotted correspondingly 
from axes I—I and II—II and points 7, 2, 3 and 4 
are marked on axes x x and x 2 . It should be noted that 
points 7, 3 and 4 will be to the right of axes I and 
II and point 2 to the left of axis I—I because the 
a 2 —b 2 difference is negative. By connecting point 7 
with point 2 and point 3 with point 4 straight lines 
are obtained coinciding with each other and with the 
turbine shaft centre line. 

The inclination of the shaft in either direction on 
length will be, respectively: 

AI = [0.79] + [1.09] = 1.88 mm; 

All = [ 0 . 2 ] + [0.62] = 0.82 mm. 

The absolute inclination is found from the following 
equation: 

Ad = f( 1 . 88) 2 + (0.82) 2 a 2 mm. 

With l — 4 m the relative inclination is A/ = 2/4 = 
= 0.5 mm/m. 

The results obtained are obviously in excess of 
permissible inclinations. For this reason, the shaft 
should be aligned by the above described method 
until the required values are attained. 

4-13, GUIDE BEARINGS 
OF HYDRAULIC TURBINES 
A. CONSTRUCTION AND PURPOSE 

The guide bearing of any hydraulic turbine is a 
unit consisting of a number of large and small parts. 
The guide bearing units differ by the make-up, lubri¬ 
cation system and material of bearing bushes. Use 
of one or another construction is governed by the 
operational characteristics of the turbine (rotational 
speed, load, etc.), and also by engineering traditions 
of the turbine Manufacturers. 

In smaller turbines bearings with babbit, rubber, 
lignefol and rockwood bushes, as well as antifriction 
bearings are used. Large and medium-size turbines are 
manufactured with babbit bushings lubricated with oil 
or consistent grease as well as with water-lubricated 
rubber-covered bushes. Lignefol bushings used earlier 
for large and medium-size turbines in this country 
and abroad are not used at present due to their poor 
performance characteristics. Apart from reliability and 
ease of maintenance (this being the principal charac¬ 
teristic of the bearing) due consideration is given to the 
technological efficiency in the production, assembling, 
and production costs of the bearings. 
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njioxnx SKcnjiyaTaijHOHHbix KanecTB . IIomhmo Ha#e>K- 
hocth h y^oScTBa b SKcnjiyaTaqHH, hto hbjihctch raaB- 
hbim noKa3aTejieM paSoTBi no AiiiHnHHKa, npn cro 
KOHCTpy HpOB aHHH yHHTBIBaeTCH TaK>Ke TeXHOJIOrHM- 
HOCTB B H3r0T0BJieHHH H M0HT3>Ke H CTOHMOCTB H3r0- 
TOBJieHHH. 

noTepn Ha TpeHHe b noAimmHHKe Sojitmoro 3Ha- 
neHHH He HMeiOT, Tan nan b KpynHbix THApoarperaTax 
OHH COCTaBJBHOT JIHIHB 0,003—0,004% OT^aBaeMOH 
MOH1HOCTH. BnOJIHe OHeBH^HO, HTO pa3HHI^a B nOTepHX, 
3aBHCHu^an ot KOHcrpyiopm noAUiHnHHKa, Oy^eT BectMa 
MaJIOH H, KOHeHHO, He COnOCTaBHMOH C nOTepHMH, B 03 - 
mo>khbimh H3-3a HeHaAOKHocra ero paOoTbi. 3asop b 
noAuiHnHHKax npaKranecKH He OKa3biBaeT HHKai<oro 
BJIHHHHH Ha BeJIHHHHy nOTepb OT TpeHHH, a BJIHHCT 
jihhib Ha paOoTy raApoarperaTa c tohkh 3peHHH TeMne- 
paTypHoro pe>KHMa h BHfipaijHH. IIosTOMy 3a3opbi b 
noAuiHnHHKe BbiOnpaiOT TaKHMH, hto6bi TeMnepaTypa 
b HeM He npeBbimajia 65—70°C h hto6bi npn 3 tom H 3 - 3 a 
Sojibhihx 3a3opoB He HaOjnoAajiHCb noBbimeHHbie bh6- 
paipm THApoarperaTa. 

JtnaMeTpajibHbiH 3a3op noAuiHnHHKOB c 6a66irro- 
BblMH BKJiaAbimaMH HeKOTOpbIMH 3apy6e>KHbIMH (})Hp- 
MaMH npHHHMaerca: no cjjopMyjie: 

n i c 0,2c/ 

o — 0,15-mm, 

1000 

r^e S — flHaMeTpajiBHbiii 3a3op; d — ^naMeTp rneiiKH Bajia. 

B OTenecTBeHHOM mApOTyp6ocTpo chhh noAumn- 

HHKH C 6a66HT0BbIMH BKJiaABIHiaMH B HaCTOHiqee BpeMH 
npHMeHHiOTCH peAKO, Tan nan BbiTecHeHbi noAumnHH- 
KaMH C o6pe3HHeHHbIMH BKJiaAbimaMH. 

ITpHMeHHeMbie H<e noAmHnHHKH c 6a66nTOBbiMH 
BKJiaAbiiuaMH HMeiOT 3a3opbi HecKOJibKO Oojibme nojiy- 
naeMbix no npHBe achhoh (J)opMyjie. Tan, noRummmKK 
c AnaMeTpoM Bana ot 600 ao 1000 mm hmcjih AnaMe- 
Tpa jibhbih 3a3op nopHAKa 0,3 — 0,45 mm, a noAHinnHHKH 
c AHaMeTpoM Bana 6ojiee 1000 mm — nopHAKa 0,4 — 
0,55 mm. 

IIOAUIHnHHKH C o6pe3HHeHHbIMH BKJiaAbimaMH HMe¬ 
iOT AHaMeTpajibHbiH 3a3op 0,25 — 0,3 mm, He3aBHCHMO 
ot AnaMexpa ihchkh Bajia. Ilpn npoBepne 3Toro 3a30pa 
AojiHCHa ynHTbiBaTbCH oKpyjKaiomaH TeMnepaTypa, TaK 
Kan cTajib h pe3HHa HMeiOT pa3Hbie KoscjjcjjiiijHeHTBi 
JiHHeHHoro pacmnpeHHH. IIoaTOMy npn hh3khx OTpn- 
AaTejibHbix TeMnepaTypax stot 3a3op aojihcch 6bitb 
Oojibme npoeKTHoro Ha BejiHmmy, cooTBeTCTByioiAyio 
pa3H0CTH b pacmnpeHHHx Bajia h BKJiaAbima. 

Hnnce paCCMOTpHM HecKOJibKO THnOB KOHCTpyKAHH 
noAmnnHHKOB c 6a66HT0BBiMH h o6pe3HHeHHBiMH BKJia¬ 
AbimaMH. 

OaHH H3 THnOB no AUIHnHHKOB C Mac- 
JIHHOH C M a 3 K O H nOKa3aH Ha pHC. 95. Ohh 
coctoht H3 pa3BeMHoro Kopnyca /, oTjiHToro H3 nyryHa 
hjih crajin, BKJiaAbimen 3 c 3ajiHTOH 6a66nTOM BHyTpeH- 
Hen noBepxHocTbio, BepxHen MacjiHHon BaHHbi 4 , 
HH>KHeH MacjiHHoii BaHHbi 2, BpamaiomeHCH BMecTe c 
BajiOM, h HacocoB 5, 6 , h 7, nojiynaioiAHx Bpamenne 
cooTBeTCTBeHHo ot mecxepHH, Haca>KeHHOH Ha Bajiy 


Friction losses in the bearing are of minor impor¬ 
tance as for large hydroelectric generating units they 
account only for 0.003 to 0.004 per cent of power 
output. It is quite obvious that the difference in friction 
losses for difference types of bearings will be very 
small and is, of course, quite incomparable with losses 
due to unreliable performance of the bearing. The 
bearing clearance does not practically produce any 
effect on friction losses and influences only hydro- 
power unit temperature conditions and vibrations. 
For this reason, the bearing clearances are chosen so 
that their temperature is not above 65 to 70°C. The 
bearing clearances must not be too large to cause 
excessive vibrations of the hydropower unit. 

The diametral clearance in bearings with babbit- 
lined bushes is determined by some turbine foreign 
manufacturers from the formula: 


v mm 

1,000 

where $ is the diametral clearance and d is diameter of the shaft 
journal. 

In the Soviet practice of hydraulic turbine manu¬ 
facturing bearings with babbit-lined bushes are used 
seldom; they are superseded by bearings with rubber- 
covered bushes. 

Bearings with babbit-lined bushings, where used, 
have clearances slightly greater than those determined 
from the above formula. So, bearings for shaft dia¬ 
meters from 600 to 1,000 mm have a diametral clea¬ 
rance of 0.3 to 0.45 mm, and the diametral clearance 
for turbine shafts with diameters over 1,000 mm ranges 
from 0.4 to 0.55 mm. 

Bearings with rubber-lined bushes have a diametral 
clearance ranging from 0.25 to 0.3 mm irrespective 
of the journal diameter. When checking this clearance, 
the ambient temperature should be taken into account 
because steel and rubber have different linear expansion 
coefficients. Because of this the diametral clearance 
for temperatures below zero is to be in excess of the 
design clearance by a value corresponding to the dif¬ 
ference in linear expansion of the shaft and bush. 

Described below are some types of bearings with 
babbit-lined and rubber-covered bushes. 

One of the types of oil-lubricated bear¬ 
ings is shown by Fig. 95. This bearing comprises a 
cast iron or steel split housing /, babbit-lined bushes 3 , 
upper oil bath 4 , lower oil bath 2 revolving together 
with the shaft, and pumps 5, d, 7 driven, respectively, 
by a gear wheel fitted on the turbine shaft and by a.c. 
and d.c. motors. A labyrinth seal is provided under 
the lower oil bath to prevent water penetration into 
the bath. The seals in this type of bearings are generally 
made as labyrinth seals, stuffing boxes, graphite seg¬ 
ments present against the shaft by springs (such as of 
the Hoon type) and other similar constructions. 
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Phc. 95. IIoAniHnHHK rHApOTyp6mn>i c mecjihhoh CMa3- Fig. 95. Turbine bearing with oil lubrication from pumps 

KOH OT HaCOCOB 


. 


TypSHH, H OT MOTOpOB nepeMCHHOrO H nOCTOHHHOrO TOKa, 

^ItoSbi npeAOTBpaTHTB nonaAamie boabi b hh>khiok> 
MacjiHHyio BaHHy, noA Hen yerpoeHO JiaSnpHHTHoe 
ynjioTiieime. Boo6me >Ke b stom rane hoahihhhhkob 
ynJIOTHeHHH BBinOJIHHIOTCH B BHAe JiafiHpHHTOB, CaJIB- 
hhkob, rpac|)HTOBBix cerMeHTOB, npHHomaeMbix k Bajiy 
npynomaMH (ran XyHa), h Apyrnx hoaoShbix koh- 
CTpyKAHH. 

Macjio H3 HH>KHeH BpamaiomeHCH BaHHBi 2 rnecTe- 
peHnaTBiM HacocoM 5 noAaeTCH b BepxHioio BaHHy, 
orayAa, nonaAan b 3a3op noAUiHnHHKa, o6ecnennBaeT 
CMa3Ky TpymnxcH nap. H3JiHinHe noAamioe b BepxHioio 
BaHHy Macjio cjiHBaeTCH nepe3 3aHaJiHHHyio Tpy6y b 
hhhchiok) BaHHy. Ecjih ypoBeHB Macjia B BepXHeH BaHHe 
OKanceTCH HH>Ke hopmbi H3-3a njioxoM paSoTBi Hacoca 
hjih no KaKOH-jinSo Apyron npunmie, to ot nonjiaBKo- 
Boro pejie bkjhohhtch Apyron (pe3epBHBiii) Hacoc, 
npHBOAUMBiH b pafioTy ojieKTponpHBOAOM. Tan o6ecne- 
HHBaeTCH no ctohhhbih SajiaHC ypOBi-ien Macjia b Bepx- 
Hen h HHJKHen BaHHax. 

B Apyron rane 6a66nTOBBix noAmnnHHKOB c MacjiH- 
HOH CMa3KOH, KOTOpbie B HaCTOHIA^e BpeMH HaXOAHT 
uinpoKoe npHMeHeHHe b 3apy6e>KHOM THApoTypbocTpoe- 
hhh (pnc. 96), Macjio noAaeTCH b 3a3op Me>KAy Tpymn- 
mhch napaMH 3a cneT CKopocTHoro Hanopa, o6pa3yeMoro 
Bpam^HHeM Bajia. 3thm HanopoM no cneijHajiBHBiM cnn- 
pajiBHBiM KaHaBKaM, CACJiaHHBiM b 6a66nTe BKJiaAbima, 


Oil is supplied by gear pump 5 from lower rotating 
bath 2 to the upper bath wherefrom it passes to the 
bearing clearance for lubricating the friction surfaces. 
Excess oil is drained from the upper bath to the lower 
bath through a pipe. In case oil level in the upper 
bath is below normal due to inadequate performance 
of the oil pump or for some other reason, the float 
relay actuates a stand-by motor-driven pump. Thus, 
a permanent balance of oil levels in the upper and 
lower balhs is maintained. 

In another type of babbit-lined, oil-lubricated 
bearings (at present this type of bearings has found 
wide application in the turbine manufacturing abroad) 
shown by Fig. 96 oil is supplied to the clearance bet¬ 
ween the friction surfaces by velocity head built up 
due to the shaft rotation. This pressure forces the 
oil upwards along special spiral grooves made in the 
babbit bushes thereby lubricating the shaft neck. The 
oil driven out due to the velocity head into the upper 
part of the bath through holes in the bearing bush 
ribs is drained back into the lower part of the bath. 
Thus a permanent circulation of oil is provided in the 
clearance between the friction surfaces. In contrast 
to the previously described type of bearings, this type 
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Phc. 96. CaMOCMa3biBaioii^HH noflmnnHHK rn- 
^poTypSnHBi: 

1 — Tpy0Ka no^a^m BOflbi k cajitHHKy H3 cimpajitHOH 
Kan/iepbi; 2 — Baji; 3 — BKJiaAfeim; 4 — BaHHa ; 5 — Kop- 
nycj 6 — onopa; 7 — rpyH^SyKca cantmiKa; 8 — Ha- 

DHBKa 


Fig. 96. Self-lubricating turbine bearing: 

1 — pipe supplying water to gland from scroll case; 2 — 
shaft; 3 — insertion piece; 4 — bath; 5 — housing; 6 — 
support; 7 — bottom box of gland; 8 — packing 



Macjio noAHHMaexcH BBepx, oGecneuHBaH CMa3Ky luchkh 
Bajia. Macjio, BBiroHHeMoe ckopocthbim HanopoM b 
BepxHioio uacTB BaHHBi nepe3 OTBepcran, CAeJiaHHBie b 
peGpax BKJia^bima noAuiHnHHKa, cjiHBaeTcn oGpaTHO 
b hh>khiok) uacTB BaHHBi, h tcm caMBiM oGecneuHBaeTCH 
HenpepBiBHan UHpKyjiHijHH ero no 3a3opy Me>KAy Tpy- 
ihhmhch napaMH. B otjihuhc ot paHee paccMOTpeHHoro 
noAHinnHHKa b stom Tune noAuiimHHKOB HMeeTCH jihhib 
OAHa BepxHHH BaHHa c BBirop oakoh, 3axoAHiiteH b 
KaHaBKy, BbiTOueHHyio c hhjkhch ctopohbi iiichkh 
Bajia. ynjioTHeHHe, npenHTCTByiomee nonaAaHHio boabi 
B nOAIIIHnHHK, BBinOJIHOHO 3AeCB B BHAe CaJIBHHKa, 
ho SbiBaeT h Apyrux bhaob. B paGoTe noAmmiHHKa He 
ynacTByiOT MacjioHacocBi, uto A^JiaeT ero HaAe>KHee 
npeABiAymero. 

IIoAmHnHHKH c rycTOH nyjiBcn- 
pyiomeM c m a 3 k o h h 33jihtbimh 6a6- 
6htom BKJiaAbiuiaMH rnupoKO npHMeHH- 
k)tch b 3apy6e>KHOM ruApoTypSocTpoeHHH. Hx ancnjiya- 
TaAHOHHBie KanecTBa oueHB bbicokh: ohh HaAe>KABi b 
paGoTe, AOJiroBenHBi h npocTBi b oGcjiynoiBaHHH. 
CMa3Ka TpymuxcH nap np oh3bo ahtch npn iiomoihh 
cneitnajibHoro npecc-Hacoca, oGecneuHBaiomero nyjiBCH- 
pyiomyio noAany cojiHAOJia b 3a3op Me>KAy BKJianbimeM 
h BanoM. IIpoHAH 3a3op, cojihaoji nanaeT b ihdkhhh 
6Be<J). OAHaKo 3 th HeB03BpaTHMBie noTepn cojiHAOJia 
CpaBHHTeJIBHO HeBeJIHKH. 

HeAOCTaTKOM 3Toro THna noAiHHnHHKOB hbjihctch 
to, hto ajih hx H3roTOBJieHHH TpeGyeTCH Gojibinoe kojih- 
necxBO BBicoKOKanecTBeHHoro GaGGnTa. PacxoA GaGGuTa 
Ha oahh noAinnnHHK c MacjiHHOH hjih rycTOH cMa3KOH 
AJiH KpynHBix rnApOTyp6nH, hoaoGhbix bojbkckhm, 
cocTaBHT Gojiee 1000 Kr. IIjioxo h to, hto npn nojiB 30 - 
BaHHH 3thmh noAuiHnHHKaMH 3acopHioTCH HetJjTenpo- 
AyKTaMH BOAHbie GaCCeHHBI, HTO OTpmjaTeJIbHO CKa3BI- 
BaeTCH Ha pbiGhom xo3hhctbc. 


of bearings has only one upper bath with a baffle 
plate which enters the groove machined at the lower 
side of the shaft neck. A stuffing box functions in this 
bearing to prevent water penetration but other types 
of seals are also used. No oil pumps are required for 
operation, this making the bearing performance more 
reliable in comparison with the previous type of 
bearing. 

Bearings with pulsating consis¬ 
tent grease lubrication and babbit- 
lined bushes are widely used in turbine manu¬ 
facture abroad. They feature high service properties, 
viz., reliability in operation, long useful life, and ease 
of maintenance. Lubrication of friction surfaces is 
afforded by a special press-pump which provides for 
pulsating supply of solid oil into the clearance between 
the shaft and the bush. On passing the clearance solid 
oil is discharged into the hydroelectric plant tailwater. 
These non-recoverable losses of solid oil, however, are 
comparatively small. 

The great amount of high-quality babbit required 
for the manufacture of these bearings is the main 
disadvantage of this type. The amount of babbit requi¬ 
red for one bearing with oil or solid oil lubrication is 
over 1,000 kg for large turbines, such as those installed 
in the Volga River hydroelectric power stations. Another 
disadvantage of these bearings is the pollution of water 
bodies with oil products, this adversely affecting the 
fisheries. 

Due to the above-mentioned disadvantages, bearings 
with solid oil lubrication have not found wide applica- 
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B CHJiy yKa3aHHBix HeAOCTaTKOB noAHiHnHHKH c 
rycTOH CMaSKOH B KOHCTpyKIJHHX OTeueCTB eHHBIX THAPO- 
TypSnH He Haiiijm cede mnpoKoro npuMeHemiH. Bee 
KpynHBie OTeuecTBeHHBie ruApoTypOniiBi b Hacronmee 
BpeMH, nan npaBHJio, oGopynyiOTCH noAuiHnHHKaMH c 
o6pe3HHeHHBiMH BKJiaABiiiiaMH, KOTopBie h paccMaTpH- 
BaiOTCH HH>Ke. 

IIOAIHHnHHKH C O 6 p e 3 H H 6 H H LI M H 

BKjiaAHiuaMHj paGoTaioiAHe Ha boahhoh CMa3Ke, 
npOCTBI B H3r0T0BJieHHH, MOHTa>Ke H 3KCnJiyaTaiJHH H 
He TpeGyioT pacxoAa AoporocTOHiijero GaGGnTa. Oahh 
H 3 TaKHX noAHinnHHKOB, npeAHa3HaueHHBix Rjm Kpyn¬ 
HBix rnApoTypGnH, noKa3aH Ha pnc. 97. Oh coctoht 
H 3 uyrymioro Kopnyca 7, BKjiaABima 2, BaHHBi 5, 
HBJimomeHCH o ahobp eAieHHo KopnycoM ca jibhhkob oro 
ynjioTHeHHH, h rpyimGyRCbi 4. 

Kopnyc noAmmiHHKa coGnpaiOT H3 AByx hjih ueTBi- 
pex cerMeHTOB, cKpenjieHHBix Me>KAy coGoh h c KpBim- 
koh rnApoTypGmiBi GojiTaMH h npnnacoBaHHBiMH 
HITH<f)TaMH. 

YcTaHOBJieHHBiH b pacrouKe Kopnyca BKJiaABiiu 
TaKHCe COCTOHT H3 AByX HJIH UeTBIpeX cerMeHTOB, BHyT- 
peHHHH noBepxHo ctb KOTopbix 3aByjiKaHH3HpOBaHa cne- 
AHaJiBHOH pe3HHOH. 3Ta pe3HHa HMeeT npeAeji npouno- 
cth Ha pa3pBiB He MeHee 120 ktc/cm 2 , npn othochtcjib- 
hom yAJiHHeHHH He MeHee 40% h npouHocra ciienjieHHH 
c MeTajuioM ot CABHra He MeHee 40 Krc/cM 2 . Ha pe 3 H- 
hoboh oGjiHAOBKe CAeJiaHBi npoAOJiBHBie KaHaBKH, 
HMeioiAHe nojiorHH ckoc no xoAy BpameHHH, kotopbih 
oGecneuHBaeT Jiynmnn 3aGop boabi b 3a3op Me>KAy 
BajiOM h pacTOHKOH oGpe3HHeHHoro BKjiaAbiina. 

Ha BepxHeM (|)JiaHAe Kopnyca noAninnHHKa ycTa- 
HOBjieHa BaHHa, HMeioman Ha npuMBiKaioinen k Bajiy 
UaCTH BBITOHKy, B KOTOpyiO 3aKJiaAbIBaiOT CaJIBHHKO- 
Byio HaGHBKy H3 mecTH-ceMH bhtkob npocajieHHoro 


tion in Soviet hydraulic turbines. All large Soviet 
turbines are usually equipped at present with bearings 
having rubber-covered bushes which are described 
below. 

Water-lubricated bearings with 
rubber-covered bushes feature ease of 
fabrication, erection and service and do not require 
expensive babbit. One of such bearings intended for 
large hydraulic turbines is shown in Fig. 97. It com¬ 
prises cast-iron housing 7, bushing 2, bath 3 (which 
is at the same time the gland seal body), and main 
neck bush 4 . 

The bearing housing is assembled of two or four 
segments connected to each other and to the turbine 
headcover with bolts and fitted stud bolts. 

The bush installed in the housing bore also consists 
of two or four segments. The inner surface of these 
segments is vulcanized with special rubber. The ulti¬ 
mate tensile strength of this rubber is not less than 
120 kgf/cm 2 at a relative elongation of not less than 
40 per cent and a shear strength of adhesion with 
metal of not less than 40 kgf/cm 2 . Longitudinal grooves 
are made in the rubber lining; these grooves are gently 
bevelled in the direction of rotation to provide for 
better penetration of water into the clearance between 
the shaft and the rubber-covered bush bore. 

The upper flange of the bearing housing mounts 
a bath which has a recess on the side adjoining the 
shaft to receive six or seven turns of a greased hemp 
twist cord that function as a gland packing. The pack¬ 
ing is pressed by main neck bush 4 , this providing a 
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neHBKOBoro >KryTa. HafiHBKa onpeccoBtiBacTCH rpyHA - 
SyncoH 4, hto h oSecne^HBaeT ymiOTHeime npoTHB 
Sojilhihx npoTO^eK boabi BBepx no BaJiy. (Hefiojibiime 
npocannBaHHH AO n Y CKaiOTCH H A a>Ke >KeJiaTejibHbi ajih 
yMeHbineHHH HarpeBa caJiBHHKa). BoA a A^m CMa3KH 
xpymnxcn nap noAaeTCH no a A aBJieBHeM B BaHHy H 3 
cncTeivibi TexHnnecKoro BOAOCHa 6 >KeHHH hjih HenocpeA- 
CTBeHHO ns cimpajin. B tom h ApyroM cjiynanx HMeeTCH 
n pe 3 epBHoe nnTaHne ot cncTeMbi no>KapoTymeHHH hjih 
ot Apyroro HCTOUHHKa. IToAaHHaH k noAmnnHHKy BOA a ? 
nponAn nepe 3 3 a 30 pbi, yxoAHT Ha pa 6 onee kojicco 
rHAP 0 Typ 6 nHbi. IIpoTenKH boabi nepe3 cajiBHHK otbo- 
AHT no Tpy 6 e b boaoc6ophhk, OTKyAa nepnoAHuecKH 
oTKanHBaioTcn caMOBcactiBaioiAHM HacocoM, bkjho- 
naiomHMCH ot nonnaBKOBoro pejie. BoA a oSbiuho 
noABOAKTcn b noAHiHHHHK no paaA^JiBHbiM Tpyfionpo- 

BOA&M OT AByX HC3aBHCHMbIX HCTOHHHKOB. 

Ilpn HopMajiBHOH 3KcnjiyaTaAHH BOA a noAaeTCH 
TaKj hto npoxoAHT no Aopore omicTHTeJibHbiH 4>hjibtp 
h cTpyHiioe pejie, ocymecTBJimoujee kohtpojib 3toh 
noAami. Ecjih pacxoA boabi, noAaBaeMon b noAiunn- 

HHK, CTaHOBHTCH HH>KC HOpMbI, TO CTpyHHOe pejie A aeT 
HMnyABC Ha BKAionemie pe3epBHon noAann boabi b 
noAuinnHHK ot Apyroro HCTOUHHKa. IIoAana boabi ot 
pe3epBHoro BOAOCHa6>KeHHH TaK>Ke npoH3BOAHTCH ue - 
pe 3 CTpyHHOe pejie, KOTopoe KOHTpojinpyeT pacxoA h, 
b cnynae ero He Aony cthmoto yMeiibiiieHHH, AaeT HMnyjiBC 
Ha ocTaHOBKy rnApoarperaTa. 

HapnAy c oTMeneHHBiMH Bbiuie nono>KHTeJiBHbiMH 
(JjaKTOpaMH nOAHIHnHHKH C o6pe3HHeHHbIMH BKJiaAbl- 
niaMH HMeiOT Taione pHA BecBMa cymecTBeHHbix HeAO- 
CT 3 TK 0 B. Ohh coBepmemio He MoryT paSoTaxb 6e3 
boabi, Aa>Ke KpaTKOBpeMeHHO, Tan nan cpa3y >ne nocjie 
npeKpaineHHH noAann boabi pe3HHa HammaeT HaMaTBi- 
BaTBCH Ha Ban. KpoMe Toro, pe3HHa coBepineHHo He 
bbihocht nonaAaHHH b noAuinnHiiKOBbiH 3a30p npo- 
AyKTOB Hec|)TH (Macna, KepocHHa h T.n.), hto mo>kct 
np 0 H 30 HTH He tojibko npH MOHTa>i<e, ho h b 3KcnjiyaTa- 
AHH (BMecTe c 0 XJia>KAaK)iAeH boaoh). flance He3HauH- 
TejibHoe nonaAaHHe sthx npoAyKTOB b 3a3op AenaeT 
pe3HHy jinnKoii, b pe 3 yABTaTe Hero OHa dbicrpo Hann- 
HaeT HaMa3biBaTbCH Ha Ban. 

OneHB cepbe3HbiM HeAOCTaTKOM npn paSoTe thkhx 
noAninnHHKOB Ha 3 arpH3HeHH0H BOAe HBJineTCH to, 
HTO OHH 6bICTpO H 3 HaiHHBaK)TCH, pe3K0 y B e JIHUHB 3H 
3a3op Me>KAy Tpy ahiahmhch napaMH. H3HaniHBaeTCH 
n npHBapeHHan k Bany py6auiKa H3 Hep>KaBeiomeH 
CTaJiH. PeMOHT 3TOH pyfiauiKH npeACTaBJineT HenerKyio 
h npoAOJincHTejiBHyio pa6oTy, HepeAKO BJieKymym 3a 
co6oh 3 HaHHTeJibHbiH npocTOH rHApoarperaTOB. 06pe3H- 
HeHHbie noAHiHnHHKH, KOTopnie pafioTaiOT Ha boac 
cpeAHeft 3 arpH 3 HeHHocTH, TpefiyioT enceroAHoro peMOHTa, 
ijTo >ne KacaeTCH peMOHTa meen Ha Bajiy, to oh 
npOH 3 BOAHTCH 3HaHHTeJIbH0 pe>Ke. CjiaSbIM. MeCTOM B 
KOHCTpyKAHH 3T0T0 nOAHIHnHHKOBOrO y3Jia HBJIHeTCH 
n cajibHHKOBoe ynjioTHeHne, KOTopoe HMeeT KOHTaKT 
c pySaniKOH Bajia, BCJieACTBne Hero nocjieAHHH noAHep- 
raeTcn GbicTpoMy H3Hocy. 


seal against heavy leakages of water over the shaft 
(minor leakages are admissible and even desirable as 
they contribute to the gland cooling). Water for lubri¬ 
cation of friction surfaces is supplied into the bath 
under pressure from the service water supply system 
or directly from the turbine scroll case. In either case, 
stand-by water supply is provided from the fire-fighting 
system or from any other source. On passing the 
bearing clearances, the water supplied to the bearing 
is discharged to the turbine runner. Water leaking 
through the gland is discharged via a pipe to a water 
sump wherefrom it is periodically pumped out by a 
self-priming pump actuated by a float relay. Water 
is usually supplied to the bearing through separate 
pipelines from two independent sources. 

Under normal operating conditions water passes 
on its way a purification filter and a jet relay controll¬ 
ing the flow rate. In case the flow rate of water sup¬ 
plied to the bearing is below the specified value, the 
jet relay sends a pulse for actuating a stand-by water 
supply source. Water supplied from a stand-by is also 
fed through the jet relay. This relay controls the rate 
of flow and in the case of its inadmissible decrease 
sends a pulse for stopping the hydropower unit. 

Besides the above-mentioned advantages the bear¬ 
ings with rubber-covered bushes possess a number 
of very substantial disadvantages. They are completely 
unable to operate without water even during short- 
time periods as the rubber starts smearing the shaft 
neck instantly after water supply is shut off. Besides, 
rubber should be kept free from oil products (lubricants, 
kerosene, etc.) penetrating into the bearing clearance, 
which may occur not only during the turbine erection 
but also in the course of operation (they may be brought 
in with cooling water). Even the smallest amount of 
such oil products in the bearing clearance makes the 
rubber sticky so it rapidly starts smearing the shaft 
neck. 

Rapid wear of friction surfaces causing an increase 
in the clearance between them is the most serious 
disadvantage of these bearings when running with 
impure water. The stainless steel jacket welded to the 
shaft also rapidly wears out. The repair of this jacket 
is a difficult and a time-consuming work involving 
often long outages of the hydropower units. Rubber- 
covered bearings operating with water of medium 
impurity need repairs every year but the repair of 
shaft necks is to be carried out much more seldom. 
The gland seal is a weak point of this bearing as it 
contacts the shaft jacket, thus resulting in a speedy 
wear of the latter. 
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ITpHMeHHeMBie b nocxteAHee BpeMH TopijoBbie ynjioT- 
HeHHH nona eme He 3apeKOMeHAOBajm ce6n c xopomeii 
cTopoHbi, Tan nan He ofiecneuHBaioT HaAOKHOH skc- 
iuiyaTaipm. Ho ecjin 3 tot HeAocraTOK fiyA^T ycTpaHCH, 
to ohh nojiyuaT npH3HaHHe, Tan kslk upu hx peMOHTe 
He TpefiyeTCH oSpaSaTbiBaTb Baji, a AocraTOHHo npoTo- 
HHTB TOpAOByiO njIOCKOCTb CBeMHOrO KOHTaKTHOrO 
KOJibua. 

Hanfiojiee yAauiibiM hbjihctch ynjioTHeHne, noi<a- 
3 aHHOe Ha pHC. 98, KOTOpbIM 3KCnjiyaTaiJHOHHHKH 
HeKOTopbix T3C cxajiH Tenepb 3aMeHHTb paHee Bbiny- 
iAeHHbie 3aBOACKHe cajibHHKOBbie ynjiOTHeHHH. BoAa, 
nocTynaioman b BaHHy, A a BHT Ha pe3HHOBbie jienecTKH, 
co3AaBan ynjiOTHHTejibHbiH KOHTaKT Me>KAy hhmh h 

KOHTaKTHbIM KOJIblJOM, UTO npeAOTBpaiAaeT npOTCHKH 

boabi H3 BaHHbi. 3 to ynjioTHeHne npocTo b H3roTOBJie- 
hhh h HaAe>KHo b pafioTe., 

B- JHOHTAHt 

HanpaBJimomne noAHiHnHHKH fh ApOTyp 6hh moh~ 
THpyiOT, KaK npaBHJio, nocjie cnapHBamra TypfiHHHoro 
Bajia c reHepaTOpHbiM, KorAa pOTop Bcero rHApoarpe- 
raTa nocraBJieH b ueHTp h padouee KOJieco pacKjiHHeHO 
no 3a3opaM. BKJiaABimn noAHiHnHHKa HaAo ao ycTa- 
hobkh hx Ha MecTO npoBepHTb Ha cSopouHOH miomaAKe 
no HaxoAnmeMycH b ropH30HTaxtbHOM noJionceHHH Bajiy, 
HTofibi onpeAejiHTb AencTBHTejibHbie 3 a 3 opbi h cTeneHb 
KacaHHH pacTOHKH BKjiaABiuia k menne Bajia. Jfjin 
3Toro cerMembi BKjiaABima cocahhhiot Ha Bajiy b 
KOJibAo h, noBopauHBan nocjieAHee no meiiKe Bajia, 
3aMepmoT cHH3y b neTbipex nojio>KeHHHx AnaMeTpajib- 
Hbiii 3a30p no Been AJiHHe BKjiaABima. y noAninnHHKOB 
c 6 a 66 nTOBOH 3a:iHBKOH Ka>KABiH cermeHT, KpoMe Toro, 
npeABapHTejibHo noAinaSpHBaioT no meiiKe Bajia ao 
nojiojKeHHH, ofiecneuHBaioiAero paBHOMepHoe npHKoc- 
HOBeHHe 6 a 66 HTOBOH noBepxHOCTH k meiiKe Bajia co 
creneHbio KacaHHH He MeHee neM 1 — 2 tohkh Ha 1 cm 2 . 
KacaHHe 6 a 66 HTOBOH noBepxHOCTH k Bajiy onpeAejimoT, 
n 0 B °Pshhb an BKJiaABim Ha meiiKe Bajia, HaMaaaHHon 
TOHKHM CJIOeM rjia3ypH. 

Ecjih npoBepKa noKa>KeT, hto 3a3opbi Me>KAy BanoM 
h pacTOHKOH bo BKJiaABime Gojibme ne m Ha 20% otjih- 
naiOTcn ot npoeKTHbix, to npncTynaiOT k peryjinpoBKe. 


Butt-end seals employed in the last few years 
have not yet proved themselves to be good because 
they do not guarantee a trouble-free service. However, 
if this shortcoming is eliminated, they will gain accep¬ 
tance because their repair does not involve machining 
of the shaft; the only thing required will be machining 
of the end surface of the removable slip ring. 

The real shown by Fig. 98 proved to be the best 
of all known types. This type of seals is now used 
by the operating personnel of some hydroelectric plants 
to replace the turbine Manufacturer’s gland seals. 
Water supplied into the bath exerts some pressure 



Phc. 98. TopuoBoe jienecxKOBoe ynjioTHeHne 
Typ6HHHoro noAnranHHKa: 

1 — Kopnyc; 2 — BaHna; 3 — pe3 HHOBoe kojisi;o ; 

4 - npHHOIMHOe KOJIbIJO J 5 - KOHTaKTHOe KOJIBIJO 

Fig. 98. Butt-end tab sealing of turbine bearing: 

1 — using; 2 — bath; 3 — rubber ring; 4 — hold-down 
ring; 5 — contact ring 


upon the rubber petals thereby providing sealing con¬ 
tact between the petals and the slip ring, which pre¬ 
vents leakages from the bath. This seal is easy to 
manufacture and dependable in service. 

B, ERECTION 

The guide bearings of hydraulic turbines are instal¬ 
led, as a rule, only after the turbine and the generator 
shafts are coupled, the hydropower unit rotor is centred 
and the runner is fastened with wedges so as to pro¬ 
vide for the required clearances. Prior to installing, 
the bearing bushes should be checked on the assembly 
floor by fitting them onto the shaft placed in the 
horizontal position, in order to determine the actual 
clearances and the extent of contact between the bush 
bore and the shaft neck. For the purpose, the bush 
segments are connected on the shaft neck to form a 
ring and then by rotating this ring on the shaft neck, 
the diametral clearance over the entire length of bush 
is measured at four positions on the shaft bottom. 
Each segment of babbit-lined bearing bushes is pre¬ 
viously scraped in addition against the shaft neck so 
as to provide for a uniform contact between the babbit 
surface and the shaft neck, with no less than 1 to 2 
points of contact per square cm. The extent of contact 
between the babbit surface and the shaft neck is checked 
by rotating the bush on the shaft neck coated with a 
thin layer of glaze. 
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JJjih yBejiimeHHH 3a3opa mokay ctbikobbimh iijiocko- 
cthmh pasBeMa BKJiaflbimeft flejiaioT cooTBercTByiomeH 
TOJimHHBI npOKJiaAKH H3 TOHKOH >KeCTH HJ1H <j)OJII>rH. 

yMeHbmeHHH 3a3opa npoKJiauKH craBHT Me>Kfly 
CBHHKOH BKJiaabima H cerMemoM. npH stom, nan ynce 

6buio CKa3aHO paHee, cneayeT y^HTbiBaTb onpywaio- 

myio xeMnepaTypy B03Ayxa. 

B Tex cjiynanx, KorAa 3a30p no bbicotc BKJiaAbima 
6yACT HMeTB pa3Hbie 3HaneHnn, oStHCHmomnecH tcm, 
xito ocb pacTonKH BKJiaAbiuia HenapajuiejiLHa och 
Bajia, TO TaKOH 3a3op CJieAyeT bbipobhhtb, nocTa- 
BHB noA 4>JiaHeA Kopnyca noAUiHnHHKa KJiHHOBHAHbie 

npoKJiaAKH. 

MoHTa>K noAmnnHHKa c MacjiHHon cMa3Kon Hann- 
HaioT c ycTaHOBKH HHHCHero ynjioTHHiomero ycTponcTBa, 
saTeM craBHT nopnyc noAinnnHHKa h, HaKOHen, BKJia- 
Abiin noAniniiHHKa n KpbiniKy BepxHeii MacjiHHon 
BaHHbl. 

OnepeAHOCTt MOHTanca noAUinnHHKOB c oope3HHen- 
HbiMH BKJiaflbiuiaMH HHaH : HaMHHaioT c Kopnyca, 3aTeM 

CT3BHT BKJiaflblUI H 3 aKaHHHBaiOT ynjIOTHHIOmHMH 
yCTpOHCTBaMH. 

B TOM h Apyrow GJiynanx Bee AeTajin noAinnnHH- 
KOBoro ysjia CJieAyeT onycraTb KpaHOM Ha KpHiincy 
rHAP0Typ6nHbi ao Toro, Kan poTop reHepaTOpa 6yA0T 
onyiAeH b craTop. 

He paccMaTpHBan noApoSHO moht3>k Bcex KOHCTpyK- 

AHH HHH<HHX ynJIOTHHIOIAHX yCTpOHCTB, OTMCTHM JIHUIb 

BaHCHeHinne ocoSchhocth, Ha KOTopbie CJieAyeT o6pa- 
thtb BHHMaHne npH MOHTance HanOojiee pacnpocrpa- 

HeHHbJX KOHCTpy KAHH . 

B noAHinnHHKax c jiafiHpHHTHbiMH ynjiOTHeHHHMH 
ocofioe BHHMaHHe HaAO oSparaTb Ha KOHAeHTpHHHbie 
h TOpAOBbie 3a30pbi Me>KAy BpainaioineHCH h HenoA“ 
bh>khoh rpeSeHKaMH jiaSnpnHTa, tbk nan Sojibuine 
3a3opbi He o6ecnenHBaioT HaAenmoro y n jiothchhh , a 
MaJibie MoryT npHBecTH k cropaHHio jiaOnpHHTa. 3 k- 
CAeHTpHHHOCTb 3a30p0B M05KCT BbI3BaTb AOnOJIHHTCJIb- 
Hbie BHSpaAHH Ha arperaTe BBHAy hx HacocHoro 
AeHCTBHH. 

HaAOKHOCTb rpacjpHTOBBIX ynJIOTHeHHH 3aBHCHT B 
nepByio onepeAb ot rpa(J)HTOBbix cerMeHTOB. Ohh 
AOJ i>KHbi njiOTHO npHJieraTb k Bajiy h JierKO, ho 6e3 
Sojibuinx jho^tob, nepeMeinaTbCH b KaHajiax. 

B KOHCTpyKAHHX C C3 JIbHHKOB bIM ynJIOTHeHHCM 
Aojihcho 6biTb o6ecneneHO paBHOMepHoe HaTHHceHne 
rpyHA^yncbi h HaAe>KHoe cHaSnceHHe cajibHHKa oxjianc- 
Aaiomen boaoh. 

MoHTa>K Kopnyca noAUiHnHHKa npoH3BOAHT cjie- 
AyioiAHM o6pa30M. riojioHceHHbie Ha KpbiniKy TypSuHbi 
h noAroTOBJieHHbie k CTbiKOBKe cerMeHTbi Kopnyca 
TaJIHMH, KpaHOM HJIH TCJIb(|)epOM nOATHTHBaiOT K BaJiy 
TypSHHbi. 3 aocb, Ha Bajiy, HaA pacTOHKOH b Kphiimce 
noA KOpnyc, hx coGnpaiOT (cTbinyiOT) Ha npHnacoBon- 
Hbix uiTH(J)Tax b KOJibijo. CoSpaHHoe KOJibAO onycicaioT 
b pacTOHKy, AoSnsaHCb coBnaACHHH oceBbix mctok Ha 
KOpnyce h Ha KpbiuiKe. 


In case the check reveals that the clearances between 
the shaft neck and the bush bore differ from the design 
values by more than 20 per cent, they are to be adjus¬ 
ted. To increase the clearance appropriate shims of 
thin sheet steel or metal paper are inserted in the 
joints between the bushes. To reduce the clearance, 
shims are to be inserted between the bush back and 
the segment. As it has been stated above, the am¬ 
bient temperature is to be taken into account in 
doing this. 

When clearances over the bush height are different 
due to non-parallelism of the bush bore and the shaft 
axes, such clearances are to be equalized by placing 
wedge-shaped shims under the bearing housing flange. 

The erection of an oil-lubricated bearing is started 
with the lower seal, then the bearing housing is mounted 
and only after that the bearing bush and the upper 

oil bath cap are installed. 

Bearings with rubber-covered bushes are erected 
proceeding as follows: first the bearing housing is 
installed, then the bushes and the operation is com¬ 
pleted with the erection of seals. 

In either case, all the elements of the bearing 
assembly should be lowered with the help of the crane 
onto the turbine headcover prior to fitting the genera- 
tor rotor into the stator. 

The below description does not give in detail the 
erection of all lower seals; only most typical features 
will be noted to which attention should be given when 
erecting the most widely used types of seals. 

In bearings with labyrinth seals special attention 
should be given to concentric and end clearances 
between the rotating and fixed combs of the labyrinth 
seal because large clearances do not provide depend¬ 
able sealing and small clearances may result in the 
labyrinth fusing. Excentricity of clearances may cause 
additional vibrations of the power unit due to a pump 
action of such clearances. 

The reliability of graphite seals depends primarily 
on graphite segments. They should be tightly fitted 
to the shaft and easily, but without excessive play, 
move in the grooves. 

In bearings with stuffing box seals uniform tighten¬ 
ing of the main neck bush and reliable water feed to 

the gland are to be assured. 

Erection of the bearing housing is carried out in 
the following way. The segments of the bearing housing 
placed onto the turbine headcover and prepared for 
jointing are pulled to the turbine shaft with the help 
of tackles, a crane or a telpher. Here, the segments 
are assembled on fitted stud bolts to form a ring on 
the shaft, over the bore for the bearing housing made 
in the turbine headcover. The assembled ring is sunk 
into the bore, care being taken to align the axial marks 
on the bearing housing with those on the turbine 
headcover. 


IJeHTpHpoBaHHe Kopnyca othochtcjibho Bajia Typ- 

gHHbl npOH3BOAHT C nOMOIABIO AOMKpaTOB H OTJKHMHbIX 
6oJITOB 3 33 MepHH HITHXMaCCOM paCCTOHHHe OT paCTOHKH 
b Kopnyce ao Bajia TypSuHbi no AByM-TpeM kojibacbbim 
nocaAOMHbiM noncaM, pacnojionceHHbiM no BepTHKajm 
b pacroHKe. Ecjih npn ijeHTpHpoBaHHH Kopnyca 6yAeT 
oGHapynceHa HeKOHAempHHHOCTb pacronKH othoch- 
TeJIbHO Bajia, oSbHCHHIOmaHCH HeTOHHOCTbK) 3aB0A“ 
CKOrO H3rOTOB JieHHH 3 TO HeKOTOpbie OTBepCTHH BO 
4)jiaHue Kopnyca, a HHofAa h Bee OTBepCTHH paccsep- 
jiHBaioT Ha SoJibuiHH AnaMeTp. Bnojme noHHTHO, hto 
3T0 aojihcho AenaTbCH nocne AempupOBaHUH Kopnyca 
no Bajiy, KorAa poTop Bcero ruApoarperaTa oTijeHTpH- 
poBaH OKOHnaTeJibHO. Ecjih >Ke Kopnyc ycraHaB jihb aiOT 
AO onycKaHHH poTopa rHAPoreHepaTopa, to ijeHTpH- 
posaHHe ero npoH3BOAHT cyrySo npnSjiHHceHHO. 

HroGbi npeAOTBpaTHTt npoTenKH boabi Ha KpbmiKy 
Typ6HHbi 3 njiocKOCTH Me>KAy CTbinaMH Kopnyca HaMa- 
3 biBaiOT cBHHAOBbiM cypHKOM, a b KaHaBKy noA onop- 
Hbiii (J)JiaHeA noMemaioT npoKJiaAKy H3 pe3HHOBoro 
uiHypa. Mo>kho Tannce no a onopHbin (JjJiaHeA nojio- 
hchtb napycHHy, npoMa3aHHyio CBHHAOBbiM cypHKOM. 
B Tex rwApoarperaTax, rAe noAnHTHHK pacnojionceH Ha 
KpbIHIKe THApOTyp6HHbI 3 KOpItyC nOAHIHnHHKa CTaBHT 
Ha MecTO ao ycTaHOBKH onopbi nnTbi. 

Kopnyc noAninnHHKa niTucJjTyiOT k KpbiuiKe thapo- 
Typ0HHbi nocne ycTaHOBKH BKJiaAbima noAinnnHHKa, 
BbinojiHHeMOH cnocoSoM, aHajiorHHHbiM paccMOTpeH- 
HbiM. OTAejibHbie cerMeHTbi BKJiaAbima noAaioT Ha 
KpbiniKy TypSHHbi, 3aTeM Ha Bajiy hx coSnpaioT b 
kojibao h b coSpaHHOM BHAe c noMOiAbio JierKHX Tajieii 
onycKaioT b 3aTOHKy Ha Kopnyce noAninnHHKa, comacHO 
HaMeneHHbiM Ha KOJibAC h Ha Kopnyce ochm. Ecjih 
KOHCT pyKAHH rHApoarperaTa npeAycMaTpHBaeT ycTa- 
HOBKy noAnHTHHKa Ha KpbiuiKe rHApotypSHHbi, to 
BKJ iaAbim noAaeTCH Ha ACHTpajibHyio nacTb KpbiuiKH 
TypSHHbl AO ycTaHOBKH onopbi nHTbl. IlOCJie 3aBOAKH 
BKJiaAbima npoBepmoT KpyroBOH 3a30p Me>KAy ero 
paCTOHKOH H BaJIOM. ripOBepKy npOH3BOAHT C nOMOIABK) 
AJiHHHoro myna h HHAHKaTOpa npH OT>KaTHH Bajia b 
CTopoHy 3a30pa. TaKoe 0 T>KaTHe np0H3B0AHT b neTbi- 
pex HanpaBJieHHHX no AByM B3aHMHO nepneHAHKyjinp- 
HblM BepTHKaJlBHblM IIJIOCKOCTHM. 

KpoMe 3Toro, KaK no BKJiaAbimy, TaK h no Kopnycy 
npoBepmoT 3a3opbi Me>KAy hx hh>khhmh topaobbimh 
njiocKOCTHMH h BpamaioiAHMHCH nacTHMH paSonero 
KOJieca. Otkjiohchhh ot npoeKTHbix 3a3opoB, KaK y>Ke 
6buio CKa3aHO paHee, He aojihcho npeBbimaTb 20% 
npoeKTHOH BeJIHHHHbl 3a30p0B, a 3a30p MOKAy HHHC- 
hhmh TopAOBbiMH iijiockocthmh Kopnyca h BKJiaAbima 
h BpamaioiAHMHCH nacTHMH paOonero KOJieca aojbkch 
6biTb Oojibme BejiHHHHbi noAbeMa poTopa no MeHbmeii 
Mepe Ha 5 mm. 

Ha oKOHuaTejibHo cmohthp OBaHHbiii y3en noA- 
mnnHHKa cocTaBJinloT cooTBeTCTByioiAHH cJ)opMyjmp 
(pHc, 99). 


The housing is centred in respect to the turbine 
shaft with the help of jacks and puller bolts, using a 
pin gauge to measure the distance from the sides of 
the bore in the housing to the turbine shaft at two 
or three ring fitting collars located vertically in the 
bore. In case a certain runout of the bore in respect 
to the shaft is revealed while centring the housing and 
this runout is the result of manufacturing defects, 
some holes in the housing flange (and sometimes all 
the holes) are to be drilled for a greater diameter. 
It is quite clear that this operation should be carried 
out after centring the housing in respect to the shaft, 
when the entire rotor of the hydropower unit is r com¬ 
pletely aligned. In case the housing is installed before 
the hydropower unit rotor is lowered into the stator, 
the housing is to be centred only roughly. 

To prevent water leakage onto the turbine head- 
cover, the joint surfaces of the bearing housing are 
coated with minium, and the groove for the bearing 
flange is packed with a rubber cord. Canvas coated 
with minium may be also placed under the bearing 
flange. In hydropower units with the thrust bearing 
arranged on the turbine headcover the bearing housing 
is placed in position before the thrust pivot support 
is installed. 

The bearing housing is fixed by pins to the turbine 
headcover after the installation of the bearing bush 
using a procedure similar to that described above. 
Individual segments of the bush are delivered onto 
the turbine headcover, assembled into a ring on the 
shaft and this assembly is lowered into the bore in 
the bearing housing with the help of light tackles in 
accordance with axes marked on the ring and on the 
bearing housing. If the design of the hydropower 
unit provides for the arrangement of the thrust bearing 
on the turbine headcover, the bush is delivered onto 
the central part of the turbine headcover prior to the 
installation of the thrust pivot support. After the bush 
is delivered on site, the annular clearance between 
the bush bore and the shaft is checked. The check is 
performed with the help of a long clearance gauge and 
a dial gauge with the shaft pushed towards the clearance 
in four points at the ends of two mutually normal 
vertical diameters. 

Besides, clearances for both the bush and the 
bearing housing between their bottom ends and the 
rotating part of the runner are to be checked. As 
has been already stated above, deviations from the 
design values shall not be in excess of 20 per cent 
of the design value and the clearance between the 
bottom end of the bush and the bearing housing 
are to be at least 5 mm larger than the rotor lift 
height. 

A corresponding record sheet (Fig. 99) is to 
be filled in for each finally mounted bearing as¬ 
sembly. 
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Phc. 99, Oop/wyjiHp Ha ycTaHOBKy nofliiiHiiHHKa c o6pc3HHeHHtm BKJiaflBimeM 
Fig. 99. Record sheet for installation of bearing with rubber-lined shell 



06o3iia^eHHe 

Designation 

BenHHHHa 
3a3opa no 
Mepie>Ky 

Clearance 
acc. to drw. 

OaKTHnecKHe sa3opbi no ochm, 
saMepeHHbie 

Actual clearance in axes, measured 

OTKJIOHeHHe 

Deviation 

mynoM 

by feeler gauge 

HHflHKaTOpOM npH 
HajKaiHH Bana 

by dial gauge 
when pressing the 
shaft 

(JiaKTHnecKoe 
m a KCHMa JibHO e 

actual max. 

flonycTHMoe 
no TY 

Permissible 
acc. to 
specification 

a 






6 







IIpHMc^aHHe . 3a3op 6 3aMepnTi> ao ycTaHOBKH bkJ iaAt»mia. 
Note, 6 clearance shall be measured before installation of shell. 


I — HHAHKaTop I — dial gauge 


YcraHOBKy a pyrnx 3JieMeHX0B noAiHHnHHKOBoro 
y3Jia thA poxy p6 hhbi mbi paccMaxpHBaxi. He SyAeM, Tan 
Kan hx MOHTa>K He npeAexaBJixex KaKOH-jmfio cjioxc- 
HOCXH. 


Erection of other elements of the bearing of the 
hydraulic turbine will not be discussed herein because 
the erection of these elements does not present any 
difficulty. 


_ M0HTA2K rHAPOrEHEPATOPOB 
3* ERECTION OF HYDROGENERATORS 


5-1. nOflTOTOBHTEJIbHblE PABOTbl 

MoHxaxcy raAporeHepaxopoB, Tan >Ke Kan h thapo- 
xypfinH, aoji>khbi npeAinecTBOBaTB noAroxoBHxejiBHBie 
pafioTbi: odiipie h cneipiajiBHbie. O xapaKTepe nepBBix 
yme roBopmiocb b § 4-1. Hn>Ke noHAex pem> o noAro- 
TOBHTeJIBHBIX paSoxaX, KacaiOmHXCH TOJIBKO MOHTa>Ka 
rHAporeHepaxopa. riepe/n MOHxa>KOM hco6xoahmo bbixc- 
HHXfc B03M0>KH0CTb IIOJiyueHHH OT nOCTOpOHHerO HCXOH- 
HHKa 3 JieKTp OIIHXapHX nOCTOHHHOrO TOKa CHJIOH B 

npe^ejiax ot 70 a o 80% ot HOMHHajiBHoro TOKa mohxh- 
pyeMoro CTaxopa. 3xox xok hcoOxoahm Ajix cyniKH 
oOmoxok cxaxopa h poxopa b CTaxnuecKOM coctoxhhh . 

IIpH MOHxaH<e rHAporeHepaxopoB 30HXHHHoro xnna 
Heo6xOAHMO XaK>Ke yXOUHHXB B03MOHCHOCXB nOJiyueHHH 
3JieKxpo3HeprHH nepeMeHHoro xona chjioh nopHAKa 
300—400 A (ajih KpynHbix rHAporeHepaxopoB) Heno- 
cpeACXBeHHO okojio Mecxa HacaAKH BxyjiKH poxopa Ha 
Ban. 3xa 3JieKxp03HeprHH HeoOxoAHMa AJm HarpeBa 
BxyjiOK poxopa nepeA hx nocaAKofi Ha Bajibi, KOxopBra 
jiyurne Bcero npOH3BOAHXB mcxoaom MarHHXHbix noTepB 
b H<ejie 3 e. KpoMe xoro, hcoOxoahmo npoBepnxB HannuHe 
xpeSyeMbix rsih MOHxaxca h kohxpojih ripucnocoG jieHHH, 
b nepByio ouepeA*> npHcnocodjieHHH a^h MOHxa>Ka 
poxopa h cxaxopa. 

IIpHcnocob JieHHH, npeAHa3HaueHHBie nnx nepe- 
hockh Bajia, poxopa h cxaxopa (ecjiH coOnpaiox Ha c6o- 


54. PREPARATORY WORK 

Preparatory work, both common and special, should 
precede the erection of hydrogenerators just as with 
hydraulic turbines. The preparatory work related to 
the erection of turbines has been already described 
in Section 4-1. The preparatory procedures described 
below concern only the erection of hydrogenerators. 
Prior to starting the erection work it is necessary 
to find out if an independent d.c. power source having 
a current 70 to 80 per cent of the rated current of 
the stator under erection is available. This current is 
required for drying the stator and rotor windings 
under static conditions. 

In case of erection of umbrella-type generators 
it will be also essential to check for a.c. supply of 
300 to 400 A (for large hydrogenerators) on the site 
of fitting the rotor spider hub onto the shaft. This 
electric power is required for heating the spider hubs 
prior to fitting them onto the shafts, and the best 
method of this heating is by magnetic iron losses. 
Besides, availability of fixtures and tools required for 
the erection and check-up is to be ascertained, in parti¬ 
cular fixtures and tools for the erection of the rotor 
and the stator. 

Appliances intended for handling the shaft, the 
rotor and the stator (in case the stator is assembled 
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pouHOH nJionjaAKe), aoji>khbi 6bixl conocxaBJieHbi c 
Haxypofi, Hxofibi yfieAHXtcx b cosnaAeHHH pa3MepoB b 
conpnraeMbix Mecxax. 

IIpH KOMiiJieKxaAHH ofiopyAOBaHHx cxeAyex ocoSoe 
BHHMaHHe obpaxHXB Ha cocxoxHHe h30Jihahohhbix Maxe- 
pnaJioB, KoxopbiMH Syqex H30JiHp0Baxi>cx ofiMoxna b 
MOH xa>KHbix cxbiKax cxaxopoB, nocKOJiBKy HenpaBHJiB- 
Hoe xpaHeHne nopxHX H30JixpH0HHBie MaxepnajiBi h 
qacxo npHBOAHX HX K nOJIHOH HenpHrOAHOCXH, 

BecbMa Ba>KHo co3AaxB HeofixoAHMbie ycjiOBHX 
MOHxanca xarax oxBexcxBeHHbix y3JioB, Kan cxaxop h 
noAHHXHHK rHAporeHepaxopa, a hmchho: 3ain[HXHXB hx 
ox nbiJiH h obecneuHXB nojio>KHxejiBHyio xeMnepaxypy, 
Koxopax no xexHHxecKHM ycjiOBHXM Ha MOHxaJK rHApo- 
reHepaxopoB AOJi>KHa 6bitb He HHxce ueM +5°C. IIojio- 
jKHxeJiBHax xeMnepaxypa HeofixoAHMa xaioKe h a^ix 
oKOHnaxejiBHOH o6xx>kkh xcejie3a ofioAa poxopa. 

Cxaxopbi h poxopbi THAporeHepaxopoB, HMeioipHe 
HenocpeACXBeHHoe boahhoc oxjiaxcACHHe oSmoxok, 
AOJix<Hbi mohxhpob axtcx npH 6oxee bbicokhx xeMnepa- 

xypax OKpy>Kaioiuero B03Ayxa (+12-|-15 0 C). 3xo He- 

o6xoahmo rjix npeAOXBpameHHH B03MO>KHoro pa3Mopa- 
>KHBaHHx 3JieMeHxapHbix nojibix npoBOAHHKOB o6moxkh> 
b Koxopbix nocxe rHApaBJinuecKHx HcnbrraHHH scerAa 
ocxaexcx BOAa. 

5-2. SAKJJA^HME HACTII 
riIJ(POrEHEPATOPOB 

A- KOHCTPyia(H SI II HA3HA'IE11HE 

K 3aKJiaAHbiM nacxxM rHAporeHepaxopa othochtch 
(|>yHAaMeHTHbie cxajiBHbie njinxbi h onopbi noA hhx, 
KOTopbie 3aKjiaAbiBaioxcH b 6exoH. 

Ha 3XH nJIHTBI CBOHMH OnOpHbIMH nJIOCKOCXHMH 
onnpaioxcx cxaxop, hh>khhx KpecxoBHHa, a b HeKOTO- 
pbix KOHCxpyKAHxx reHepaTOpOB h BepxHxx KpecTO- 
BHHa h ee pacnopHbie AOMKpaxbi. 

IIo cyxH AeJia, 3aKJiaAHbie uacxH hbjihioxch npoMe- 
>KyTOHHbiM 3BeH0M, uepe3 Koxopoe y3Jibi rHAporeHepa- 
TOpa CKpeilJIHIOTCH C fiexOHHbIM OCHOBaHHeM. B KOH- 
cxpyKAHHX rHApoarperaxoB c onopofi noAnxxHHKa Ha 
KpbiiiiKe rHApoxypfiHHbi TopM03a rHAporeHepaxopa 
ycxaHaBJiHBaioxcH Ha (JjyHAaMeHXHbie onopbi (xyMfibi), 
Koxopbie TO>Ke oxhocxxcx k 3aKJiaAHbiM nacxxM. 

OyHAaMeHXHbie nJIHTbl SblBaiOX MOHOJIHXHbIMH hjih 
CB apeHHbiMH H3 AByx cjioeB npoKaxHoii cxajiH. OopMa y 
hhx npxMoyrojiBHax. OAHa noBepxHocxb (xa, Koxopax 
conpxraexcx c y3JiOM reHepaTopa) ofipafioxaHa, a Apyrax 
Hex. 3xa HeoSpafioxaHHax noBepxHocxb Moxcex fibixb 
jih6o ruiocKofi, jih6o c npHBapeHHbiMH KBaApaTaMH. 

OyHAaMeHXHbie onopbi noA xopM03a rHAporeHe¬ 
paxopa npeAexaBJixiOT co6oh cBapHyio KOHcxpyKAHio, 
cocxoxmyio H3 AByx napajuiejiBHo pacnoxoxceHHbix 
minx, MexcAy KOTOpbiMH BBapeHbi pe6pa xcecxxocxH. 
BepxHxx nxocKoexB BepxHeii njiHTbi npoxoAnx MexaHH- 
uecnyio ofipafioxKy. 


on the erection floor) are to be compared against 
the handled parts to ascertain that the dimensions 
of adjoined parts are coinciding. 

While supplying all the required equipment special 
attention should be given to the condition of insulating 
materials which will be used for insulating the winding 
in the field joints of the stator, since improper storage 
deteriorates insulating materials and may often lead 
to their complete unsuitability. 

It is very important to provide for necessary condi¬ 
tions for the assembly of important units, such as, 
hydrogenerator stator and thrust bearing, that is, to 
protect them against dust and to keep them at positive 
temperatures which should be not less than 5°C, in 
conformity with specifications for the erection of hydro¬ 
generators. Positive temperatures are required for the 
final compression of the rotor rim. 

Stators and rotors of hydrogenerators with direct 
water cooling of windings shall be erected at higher 
ambient temperatures (12 to 15°C). This is necessary 
to prevent possible ruptures of hollow conductors of 
winding due to water freezing in them as after hydraulic 
tests some water always remains in these conduc¬ 
tors. 

5-2, EMBEDDED PARTS 
OF HYDROGENERATORS 

A, MECHANICAL DESIGN AND PURPOSE 

Steel foundation plates and supports of these plates 
embedded in concrete are the embedded parts of 
hydrogenerators. 

The stator and the bottom bracket (and in some 
types of generators, the upper bracket too) and its 
thrust jacks rest on these plates with their supporting 
bases. 

Embedded parts are, essentially, an intermediate 
link connecting the subassemblies of hydropower units 
with the concrete foundation. Where the hydrogene¬ 
rators have their thrust bearing arranged on the turbine 
headcover, the hydrogenerator brakes are installed on 
foundation supports (pillars) which are also classed 
with embedded parts. 

Foundation plates are made integral or welded 
of two layers of rolled steel. They are rectangular 
in shape. The surface of the plate joined with the 
generator subassemblies is machined, the other surface 
is rough and may be either flat or with squares welded 
to it. 

Foundation supports of the generator brakes are 
welded structures, consisting of two parallel plates 
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JJjih KpenjieHHH k SeTOHHOMy ocHOBamno b (JjyHfla- 
MeHTHbIX IIJIHTaX H (ftyHAaMCHTHblX OnOpaX nOA T0pM03a 
HMeiOTCH oTBepcTHH, uepe3 KOTopbie npoxoA^T 4>yHAa- 
MeHTHbie 6 ojitbi, 3ajiHBaeMbie bhocjicactbhh Sctohom. 
KpoMe xoro, b (JjyHAaMeriTHbix njiHTax h onopax hmciot- 
ch pe3b6oBbie oTBepcTHH, npeAHasHa^ieHHbie ajih BBep- 
TbiBaHHH Gojitob KpenjieHHH. JJjih ycTaHOBKH paAHaJit- 
Hbix niTH(J)TOB Ha (fjyHAaMeHTHbix njiHTax noA CTaTop 
HMeiOTCH nojiyoTBepCTHH, nojiyneHHbie b pe3yjiBTaTe 
COBMeCTHOrO CBepJieHHH IUIHT C nOJIKOH CTaTOpa. 

Ha (JjyHAaMCHTHblX IIJIHTaX nOA KpeCTOBHHbl HMeiOT¬ 
CH OTBepCTHH nOA BepTHKaJIbHbie IUTH(|)TbI (ecjiH 
tojibko KOHCTpyKAHen He npeAycMOTpeHa ycTaHOBKa 
BMecro hhx orpaHHHHBaioiAHx ynopoB, npHBapHBaeMbix 
no o6eHM cTopoHaM keihcaoh jianbi). 

B cocraB 4>yHAaMeHTHbix uacreH rHAporeHepaTopa 
bxoaht TaKHce noAKJiaAbiBaeMbie noA (J)yHAaMeHTHbie 
njiHTbi BCTpenHbie napHbie peryjinpoBouHbie kjihhbh, 
aHajiornHHbie TeM, KOTopbie noAKJiaAMBaioTCH noA 
CTaTOp THApOTyp6HHbI H O KOTOpbIX y>Ke rOBOpHJIOCb 
b pa 3 Aene B § 4-5. JfjiHHa napHbix kjihhbcb b otom 
cjiyuae AejiaeTCH Ha 100 — 150 mm SojiBine uiHpHHbi 

IIJIHTbl. YCTStHaBJIHBaiOT HX B 3aBHCHMOCTH OT AJIHHbl 

njiHT b 2—3 pHAa (b miaHe). OnnpaioTCH ohh Ha pery- 
HHpoBOHHbie MeTajuiHHecKHe noAKJiaAKH, iiiHpHHa ko- 

TOpblX paBHa HIHpHHe KJIHHBCB, a A^HHa- IHHpHHe 

njiHT. Ykjioh napHbix kjihhbcb no ycjiOBHHM caMOTop- 
MonceHHH AOJi>KeH 6 bitb He 6ojiee 1:50. 

E* MOHTAJK ^yH^AMEHTHEIX IUIHT 
HOP, CTATOP H KPECTOBHHbl 

OyHAaMeHTHbie njiHTbi noA CTaTop, noA hh>khioio 
K peCTOBHHy (eCJIH OHa BXOAHT B KOHCTpyKAHK) THApO- 
reHepaTOpa) h noA BepxHioio KpeCTOBHHy (ecjiH OHa 
onnpaeTCH Ha OeTOHHoe ocHOBamie, a He Ha CTaTop) 
jiyuuie Bcero MOHTHpoBaTB BMecTe c y3JiaMH, KOTopbie 
Ha 3 th njiHTbi onnpaioTCH. B 9 tom cjiynae njiHTbi, 
OHHmeHHbie OT aHTHK0pp03HHHbIX nOKpbITHH H He<J)Te- 
npoAyKTOB, cKpenjiHiOT c noMoniBio Sojitob h hith(J)TOb 
corjiacHO MapKHpoBKe c cerMeHTaMH CTaTOpa hjih 
jianaMH KpecTOBHH h b cocraBe co6pamioro y3Jia cTaBHT 
Ha hx noCTOHHHoe MecTO. IIpH TaKOM cnocoSe MOHTa>Ka 
(J)yHAaMeHTHbix njiHT raaBHoe coctoht b TinaTejiBHOH h 
tohhoh ycraHOBKe onopHbix nacTen noA iuihtbi. 

OyHAaMeHTHbie njiHTbi mo>kho ycneuiHO ycTaHaB- 
jiHBaTB h 3 a 6 JiaroBpeMeHHo , saAOJiro a° ycTaHOBKH 
cootb eTCTB eHHO CTaTOpa hjih KpeCTOBHHbl, no Mepe 
Toro, KaK 6 yAyT roTOBbi cooTBeTCTByiomne (JjyHAa- 
MeHTbi. B otom cjiynae njiHTbi MoryT 6 biTB nocTaBJieHbi 
no BbICOTHbIM OTMeTKaM TOUHO, a no pacnOJIOHCeHHIO 
B IIJiaHe H OTHOCHTeJIBHO OCH — npH0 JIHJKeHHO> TaK 
KaK OTKJioHeHHH ot npoeKTHbix pa3MepoB, Aonycnae- 
Mbie npH H 3 rOTOBJieHHH y3JIOB Ha 3aBOAC, He n03B0JIHT 
yCTaHOBHTB 3TH y3JIbI Ha njiHTbi 6e3 AonoHHHTejiBHoro 
AeHTpHpoBaHHH nocjieAHHx b njiaHe. He3aBHCHMo ot 


with stiffening ribs welded in-between. The top surface 
of the upper plate is machined. 

Holes for foundation bolts are provided in the 
foundation plates and brake supports. The foundation 
bolts are placed in block-outs in concrete and grouted 
in concrete afterwards. Besides, threaded holes are 
provided in the foundation plates and brake supports 
to receive fastening bolts. The stator foundation plates 
are fitted with semi-holes to receive radial pins; these 
semi-holes are made by jointly drilling the plates and 
the stator flange. 

Holes for vertical pins are made in the foundation 
plates for brackets (unless limit stops welded at both 
sides of each foot are to be used instead of pins). 

The foundation parts of the hydrogenerator also 
comprise paired opposing adjusting wedges similar to 
those placed under the turbine stay ring (see Subsection 
B, Section 4-5). The length of these paired wedges in 
this case is to be 100 to 150 mm greater than the plate 
width. Depending on the plate length they are arranged 
in 2 or 3 rows in plan. The wedges rest upon steel 
adjusting shims which are as wide as the wedges and 
as long as the plate width. According to the conditions 
of self-braking the paired wedges should be graded 
not over 1:50. 

B. INSTALLATION OF FOUNDATION PLATES 
FOR STATOR AND BRACKETS 

The foundation plates for the stator, lower bracket 
(in case it is provided in the hydrogenerator) and 
upper bracket (in case it rests upon the concrete founda¬ 
tion and not upon the stator) are better installed together 
with subassemblies which rest on these plates. In this 
case, the slabs cleaned of anticorrosion coating and oil 
products, are joined with bolts and pins, in accordance 
with markings, with the stator segments or the bracket 
feet and placed in the working position as an integral 
subassembly. With this method of installation, a 
thorough and accurate installation of supports under 
the plates is of the prime importance. 

Foundation plates may be successfully installed 
in advance, long before the stator or the bracket is 
erected, as the corresponding foundations are prepared. 
When this is the case, the vertical position of plates 
may be held accurate but the position of the plate in 
plan and in respect to the centre line may be assured 
only approximately since deviations from the design 
dimensions admitted in manufacturing the generator 
parts at the Manufacturer’s plant do not allow for 
placing these parts onto the plates without additional 
alignment of these parts in the horizontal position. 
Irrespective of the adopted schedule of erection work, 
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npHHHTofl cxeMBi MOHTanca 3aKjiaAHtix uacTen nopHAOK 
padoT h MeroABi kohtpojih b oSohx cjiyuanx 6yAyr 

nOUTH OAHHaKOBBIMH. 

B tom h ApyroM cjiyuanx 6a3HCHbiMH KoopAHHaTaMH 
AJiH MOHTanca 4>yHAaMeHTHbix njiHT hjih npomiaAOK 
noA hhx, a paBHO h Bcero reHepaTopa, aoji>khbi 6 bitb 
( jjaKTHuecKHe KOOpAHHaTbi y3JioB rnAp OTyp Shhbi , ynce 
CMOHTHpOBaHHbIX K 3TOMy BpeMeHH. 

OyHAaMeHTHbie njiHTbi ycraHaB jihb aioT no oKpync- 

HOCTH B COOTBeTCTBHH C HaHeceHHOH Ha HHX MapKHpOB- 
koh h Ha 3aAaHHOM npoeKTOM paccTonmm ot nempa 
arperaTa. npn stom AempoM arperaTa cjiy>KHT npoAOJi- 
>KeHHe och Bajia rHApoTypdHHbi, a npn ero OTcyrcTBHH 
_ ocb pacTOHKH ycTaHOBjieHHBix 3aKJiaAHbix uacreH 

THAPOTypdHHbl. 

BbicoTHoe nojio>KeHHe KancAOH njiHTbi hjih kom- 
imeKTa napHbix KJiHHBeB onpeAejinioT no HHBejinpy, 
npHueM (J)aKTHuecKHe jiHHeiiHbie pa3Mepbi ot cJjjiaHAa 
Bajia TypdHHbi ao BepxHHX onopHbix njiocKOCTen njiHT 
hjih napHbix kjihhbcb conocTaBJimoT c cooTBeTCTyio- 
IAHMH npoeKTHbiMH AaHHbiMH. npn stom cjieAyeT 
yuHTbiBaTB BejiHHHHy, Ha KOTopyio cjjjianen. Bajia Typ- 
6 hhbi 6biJi npeAHaMepeHHO 3aHii>KeH npoTHB ero 
npoeKTHOH paSoueii OTMeTKH. no bbicothbim OTMeTKaM 
ifjyHAaMeHTHbie njiHTbi (a Tannce h BcrpeuHbie kjihhbh 
b cjiynae pa3ACJii>Horo MOHTanca) mohcho ycTaHOBHTb 

AOBOJIBHO TOHHO AO MOHTaJKa COOTBeTCTByiOIAHX y3JIOB, 
ecjiH npe ab apHTejiBHO np oh 3 bccth pacueT no 3aMepaM 
HeKOTOpbix y3JiOB h ACTajien, CAOJiaHHbiM b cootbctct- 
BHH CO CXeMOH (pHC. 100). TaKOH CXeMOH MOJKHO nOJIB- 
30BaTBCH H A™ OKOHHaTeJIBHOrO AeHTpHpOBaHHH CTa¬ 
TOpa no BbicoTHbiM OTMeTKaM ao onycKaHHH b Hero 
poTopa. 


the procedure and check methods will be almost the 
same in both cases. 

The actual coordinates of turbine subassemblies 
already installed by the time should serve as reference 
coordinates for the installation of foundation plates 
or shims under the plates as well as for the erection 
of the whole generator. 

The foundation plates are installed along the circum¬ 
ference in accordance with marks made on them and 
spaced at specified distances from the hydropower 
unit centre. The turbine shaft extension axis is to be 
referred to as the power unit centre; if the turbine 
shaft is not yet installed, the centre line of the bore 
of already installed embedded parts of the turbine is 
to be used for the purpose. 

The elevation of each plate or of a set of paired 
wedges is determined with the help of a surveyor’s 
level, the actual linear dimensions from the turbine 
shaft flange to the top bearing surfaces of the plates 
or paired wedges are to be compared against corres¬ 
ponding design values. In doing this the value by 
which the turbine shaft flange has been intentionally 
set below its design elevation must be taken into 
account. Foundation plates (as well as opposing wed¬ 
ges in case of separate installation of plates) can be 
installed in the desired vertical position rather accu¬ 
rately prior to the erection of pertinent units by measur¬ 
ing some units and parts and making appropriate 
calculations in conformity with the diagram of Fig. 100. 
This diagram can be also used for the final centring 
of the stator against elevation marks prior to lowering 
the rotor into it. 



Phc. 100. Pac*ieTHaH cxeiwa ajih ycTaHOBKH 
3aKjiaAHbix MacTeit h CTaTOpa no 3apaHee 
3aMepeHffl>iM jniHeHHbiM pa3iwepaM y3JioB h 
AeTanen: 

1 — nonepe^Han ocb poTopa h CTaTOpa 

Fig. 100. Design scheme for installation of 
embedded parts and stator by measured 
linear dimensions of units and elements: 

1 — lateral axis of rotor and stator 
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no 3T0H CXeMe BbICOTHbie OTMeTKH Onpe/jeJIHIOT 
cjie^yiomHM o6pa30M. 3Han otmctky (jjjiaHija Bana 
V o h BeJimHHy pac^eTHoro npornfia onopHon Kpecro- 
bhhbi hjih KpBiiiiKH rHApoTypSHHBi h h pacnojiaran 
cacjiahhbimh no yKa3aHHon cxeMe 3aMepaMH y3JiOB, 
y>Ke cmohthp OBaHHbix hjih eme HaxoAHiijHxcH Ha moh- 
Ta>KHOH njioinaAKe, onpe^ejineM TpefiyeMBie otmctkh 
B epXHHX nJIOCKOCTeH BCTpeHHbIX KJIHHbeB V l H (JjyHAa- 
MeHTHblX IIJIHT . V 2 : 

Vi = V 2 “ 

r^e e — npejjycMOTpei-raoe npH ycTaHOBKe TypSuHHoro Bajia 
paccTOHHHe MejKfly (J)JiaHi^aMH BajioB c y^-ieTOM nporn6a onopHoii 
KOHCTpyKU(HH, 6 3 Z, 6> A — CM.pHC. 100. 

YcTaHaBJiHBaH MOHTHpyeMBie y3Jibi no stoh pacneT- 
hoh cxeMe h nojib3yncb nojiyneHHbiMH npH 3aMepax 
AeiiCTBHTejibHbiMH pa3MepaMH y3JiOB, mm HCKjnonaeM 
0UIH6KH, BbI3BaHHbie HeTOHHOCTBK) H3IDTOB JieHHH. JJ.O- 
nycraMbie >Ke npn stom HefiojiBinne norpeniHOCTH H3-3a 
HeTOHHOCTH H3MepeHHH yCTpaHHIOTCH nO^SHBKOH 
BCTpenHbix KJIHHbeB h peryjiHpoBKOH onopHbix nacTen 
noAnHTHHKa. Bnojme hohhtho, hto ycTaHOBJieHHbie 
TaKHM cnoco6oM njiHTbi h napHbie kjihhbh MoryT co- 
xpaHHTb cboh OTMeTKH npH Harpy3Ke TOJIbKO b tom 
cjiynae, ecjiH noA noAKJiaAKaMH, 3ajio>KeHHbiMH noA 
kjihhbh 5 6eTOH 6yAeT noApyftjieH (BbipoBHeH) TaK, 
htoSbi npoKJiaAKH iijiotho npnjierajiH k HeMy h APyr k 
A pyry, a hhcjio hx b oahom nanexe He npeBbimajio 
nHTH UITyK. 

Han6ojiee npaBHjiBHo, HaAencHO h tohho njiHTbi 
6yAyT yeraHOBJieHbi b tom cjiynae, ecjiH enje ao 6cto- 
HHpoBaHHH 4>y ha aMei-iTo b noA peryjinpyiomHe npo¬ 
KJiaAKH 6yAyT noABeAeHbi h npHBapeHbi k apMaType 
pOBHbie MeTajiJinnecKHe noAKJiaAKH. II,ejiecoo6pa3HO, 
TO>Ke 3apaHee, ycraHaBjiHBaTB MeTajumnecKHe hjih 
>Kejie3o6eTOHHbie KopodKH a Jin unpaS noA 4>yHAaMeHT- 
Hbie 6ojitm. 

U[eHTpHpoBaHHe kjihhbcb otho CHTe jibho och h no 
OKpy>KHOCTH MO>KeT 6BITB OKOHHaTCJIBHBIM AO yCTaHOBKH 
cooTBeTCTByioiAHX ysjioB, a AeHTpHpoBaHHe iijiht — 
tojilko npeABapHTejiBHbiM, Tan KaK b cjiynae otkjiohc- 
hhh b pa3Mepax oTBepcTHH Ha conpnraeMbix y3Jiax 
njiHTbi npHAeTCH nepeMemaTB. 

Cepbe3HbiM npeiiHTCTBHeM npn ycTaHOBKe iijiht, 
KOTopoe nacTO BCTpenaexcH b npaKTHKe, cjiy>KHT 
HeTOHHoe H3roTOBjieHne ctpohtcjihmh niTpa6 b njiaHe. 
3 to nacTo He no3BOJiHeT ijeHTpHp ob btb iijihtbi, a BMe- 
CTe c hhmh cTaTop h KpecTOBHHM tojibko nepeMeme- 
HneM (|)yHAaMeHTHbix Sojitob b npeAenax niHpHHbi 
uiTpaS h nepeMenjemieM njiHT b npeAOJiax OTBepcTHH 
noA 6 ojitm. B 3tom cjiynae b Tpe6yeMoe nojio>KeHHe 
njiHTbi nepeMeinaiOT AByMH cnoco6aMH: 1) ecjiH <|>yHAa- 
MeHTHbie SojiTbi ynepjiHCB b nrrpaSbi h cooTBeTCTByio- 
mne OTBepcTHH b njiHTe h craTope h He coBnaAaiOT 
Men<Ay co6oh fiojiee neM Ha 50 mm, to pa3Aaji6jiHBaioT 
OeTOHHyio niTpaSy; 2) ecjiH HecoBnaAemie MeHBine 
50 MM, TO OTBepcTHH B nJIHTe yBeJIHHHBaiOT 6eH30pe30M 
hjih aBToreHOM, a 3aTeM 3aBapHBaiOT c npoTHBonojio>K- 


According to this diagram, elevation marks are to 
be determined in the following way. With the elevation 
of the shaft flange and the design sag h of the support¬ 
ing bracket or of the turbine headcover known and 
having the results of measurements of the turbine 
units made in accordance with the said diagram the 
required elevations of the top surfaces of opposing 
wedges Vi and those of the foundation plates y 2 
can be found: 

Vi f V2 ^ —f?, 

where e is the distance between the flanges of shafts (with the 
account for the sag of the supporting construction) specified 
for the turbine shaft erection, 6 , z 7 e, a are the values shown 
on Fig. 100. 

Installation of subassemblies in accordance with 
this diagram and use of actual dimensions of these 
subassemblies will eliminate errors resulting from manu¬ 
facturing defects. Admissible minor errors resulting 
from inaccuracy of measurements are eliminated by 
placing opposing wedges and by adjusting the sup¬ 
porting elements of the thrust bearing. It is quite 
clear that the plates and paired wedges installed in 
such a way can retain their elevations under the load 
only in case the concrete under the shims placed under 
the paired wedges is smoothed down so that the shims 
are tightly fitted to the concrete and to each other 
and each stack does not contain more than five shims. 

The plates will be installed most correctly, reliably 
and accurately in case smooth steel liners are placed 
under the adjusting shims and welded to reinforcement 
before the foundations are concreted. It is also advis¬ 
able to install beforehand R.C. boxes for the block-outs 
to receive foundation bolts. 

The wedges can be accurately centred in respect 
to the axis and along the circumference prior to the 
installation of pertinent subassemblies. The plates, 
however, can be centred only roughly since it may 
be required to move them if the dimensions of holes 
in mating parts do not coincide. 

Inaccurate location of block-outs frequently com¬ 
mitted by the builders may be a serious hindrance in 
the installation of foundation plates. Very often due 
to such an inaccuracy the plates (and the stator with 
brackets) cannot be centred by shifting the foundation 
bolts within the block-out width and by shifting the 
plate within the limits of foundation bolt holes. This 
being the case, the plates are to be shifted using one 
of the following two methods: 1) if the foundation 
bolts are stopped by the block-out sides and the cor¬ 
responding holes in the plate and in the stator are 
misaligned by more than 50 mm, the block-out in 
concrete is to be widened by cutting out; 2) if misalign¬ 
ment is less than 50 mm, the holes in the plate are 
widened by an oxy-gasoline cutting torch or an oxy- 
acetylene torch and then they are welded from the 
opposite side or bridged from the top side with a 
thick washer welded to the plate. 
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hoh cropoHM hjih nee nepeKpMBaiOT CBepxy tojictoh 
uiaiiOofl, npHBapHBan ee k njiHTe. 

OyHAaMeHTHMe 6ojitbi hjih Sojitm BMecre c iuih- 
TaMH B 3 aBHCHMOCTH OT KOHCTpyKIJHH KpeilJieHHH 
cAaioT noA 3ajiHBKy Octohom nocjie OKOHnaxejiBHoro 
KpenJieHHH IIJIHT K OnOpHBIM nJIOCKOCTHM COOTBeTCT- 
BeHHO craTopa h KpecTOBHH. IlepeA CAanen noA fleTOH 
Bee noBepxHO cth , conpnraeMLie c hhm, cneAyeT ohh- 
CTHTB OT KpaCKH H HecJlTenpOAyKTOB, a noAKJiaAKH H 
kjihhbh pa3BapHTB Me>i<Ay co6oh, o6pe3aB BMCTynaio- 
lAne 3a rpaHH njiHT kohabi. 

3ajiHBKa fleTOHOM b 3 aB hchmocth ot kohctpykahh 
KpenjieHHH npoH3BOAHTCH b oahh hjih Asa 3Tana. B 
Tex cjiynanx, KorAa OTBepcTHH noA (jiynAaMeHTHBie 
6ojitbi ac JiaiOTCH rjiyxHMH, 6e3 Ookobbix bbixoaob rjik 
33 JIHBKH aHKepHBix njiHT, 6 eTOH 3ajiHBaiOT b ABa 3Tana: 
CHanaJia nrrpadBi Oojitob 3ajiHBaiOT npHMepHo Ha TpH 
neTBepTH hx bbicotbi, a 3aTeM Ha ocTajiBHyio BBicoTy 
BMecTe c (JiyHAaMeiiTHOH njiHTOH. Ko BTOpOMy 3Tany 
npHCTynaiox nocjie hoathhckh (JiyHAaMeiiTHBix 6ojitob, 
BBinojiHHeMOH tojibko nocjie Toro, KaK 6 eTOH HaSepeT 

80-90% CBOeH npOHHOCTH. EcjiH OTBepcTHH nOA 

aHKepHBie Sojitbi hmciot Ookobbic KaHajiBi a Jin 3aBOAKH 
UHKepHBIX nJIHT, TO 3aJIHBKy SeTOHOM npOH3BOAHT B 
oahh 3Tan, TaK KaK aHKepHBie Oojitbi b stom cjiynae 
oOtHTHB aiOT AO 33JIHBKH OeTOHOM. 

Bbhay Toro, hto yKJiaAKa 6 eTOHa b impaOBi $yHAa- 
MeHTHBix 60 JITOB — BecBMa OTBeTCTBeHHaH onepaAHH, 
BO MHOrOM OIipeAeJIHIOHiaH HaAOKHOCTB paSoTBI THAPO- 
arperaTa, 3a npoH 3 BOACTBOM sthx pafloT, KpoMe CTpon- 
TeJieH, AOJHKHBI TaK>Ke HaSjIIOAaTB H MOHTa>KHHKH, 
Ilpn 3tom b nepByio onepeAB HeodxoAHMO oSpaiqaTB 
BHHMaHHe Ha to, hto6bi HiTpadBi nepeA SeTOHHpoBa- 
HHeM 0BIJIH xopomo OHHHJOHBI, npOMBITBI H HMCJIH 
HacenKy h hto6bi ynjiaAniBaeMBiii b niTpaOBi 6ctoh 
6biji TaM xopomo npopaOoTaH. Ilpn njioxon yKJiaAKe 
OeTona b HiTpadBi (JjyHAaMeHTHBie Oojitbi bo BpeMH 
noATHHCKH (a HHorAa h bch urrpaOa b BHAe npoOKH) 
BBiTHrHBaiOTCH H3 OeTOHa. HaAO TaK>Ke npocjieAHTB 3 a 
TeM, hto6bi OeTOH TBepAOJi npn TeMnepaType He HH>Ke 
+5°C. Ecjih nojio>KHTejiBHaH TeMnepaTypa b ecrecTBeH- 
HBIX yCJIOBHHX HeBO3M05KHa, TO CTpOHTeJIH o6H3aHBI 
HCKy cctb eHHo oOecnenHTB ee 3 Jiei<Tpoo 6 orpeBOM hjih 
ApyrHM cnocoOoM. Bctoh, conpHraeMBiH c 3 aKJiaAHBiMH 
nacTHMH rHAporeHepaTopa, AOJi>KeH yAOBJieTBOpHTB 
BCeM TpeOoBaHHHM, H3JIO>KeHHBIM B § 4-3. 

B, MOHTAMC TOPMG3HMX TYMI> 


TopM03HBie TyMOBI MOHTHpyiOT B OojIBIHHHCTBe 
cjiynaeB BMecTe c TOpM03aMH, xoth B03M0>KeH h pa3- 
ACJIBHBIH A10HTa>K. IIopHAOK MOHTa>I<a T0pM03HBIX TyMfl 
b o6meM aHajiorHHeH nopHAKy MOHTa>Ka (JiyHAaMeHT- 
HBIX IIJIHT, 3 a HCKJHOneHHeM HeKOTOpBIX OCoOeHHOCTeH. 

TopM03HBie TyMSBI BMeCTe C TOpM03aMH yCTaHaBJIH- 
BaiOT h npeABapHTe jibho peryjinpyioT no bbicotc ao 
onycKaHHH poTopa b CTaTop. Ohh, TaK >Ke KaK h 4)yn- 
AaMeHTHBie njiHTBi, onnpaiOTCH Ha OeTOHHBiH (J>yHAa- 


Foundation bolts or bolts with plates, depending 
on the design of the fastening arrangement, are consi¬ 
dered to be ready for concreting in block-outs upon 
a final fixation of the plates to the support planes of 
the stator and bracket, respectively. Prior to concret¬ 
ing, all the surfaces to be in contact with concrete are 
to be cleaned from paint and oil products and shims 
are to be welded to wedges after the wedge and shim 
ends projecting from under the plates are trimmed. 

Depending on the construction of the fastening 
arrangement, concreting of block-outs is carried out 
in one or two stages. When the holes for foundation 
bolts are blind, without lateral holes for grouting 
anchor plates, concrete is placed in two stages: first 
the bolt block-outs are grouted about three quarters 
of their height, and then the remaining quarter is 
grouted in concrete together with the foundation plate. 
The second stage of concreting is started after the 
foundation bolts are tightened up. The bolts may be 
tightened up only after the concrete has gained 80 
or 90 per cent of the design strength. If the bolt holes 
have lateral ducts for bringing in anchor plates, the 
concrete is fully grouted in one stage because in this 
case the foundation bolts are tightened up prior to 
placing the concrete. 

Since grouting the concrete into foundation bolt 
holes is a very important operation greatly determin¬ 
ing the dependability of the hydropower unit in ser¬ 
vice, this operation should be also supervised by the 
erection personnel. In doing this, special attention 
should be given to adequate notching, cleaning and 
washing of block-outs prior to concreting, and to 
proper compaction of concrete placed into the block- 
outs. In case the concrete is placed and compacted 
in block-outs improperly, the bolts during their tighten¬ 
ing (and sometimes the entire volume of block-out 
fill concrete in the form of a plug) may be pulled out 
of the concrete. Care should be also taken to see that 
the ambient temperature during the concrete harden¬ 
ing is not less than 5°C. If a positive ambient tempera¬ 
ture cannot be maintained under natural conditions, 
the builders must afford the required temperature by 
electric heating or by any other way. The concrete 
adjoining the hydrogenerator embedded parts shall 
meet all the requirements set forth in Section 4-3. 

C. ERECTION OF BRAKE SUPPORT PILLARS 


The brake support pillars are in the majority of 
cases erected in assembly with brakes, although a 
separate installation is also possible. The procedure 
is generally similar to that of the erection of founda¬ 
tion plates except for some peculiarities. 

The brake pillars, together with brakes, are instal¬ 
led and roughly adjusted in their vertical position 
prior to lowering the rotor into the stator. They rest 
on the concrete foundation, like foundation plates, 
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MeHT nepe3 napHbie Bcxpeuntie kjihhbh h Mexajuin- 
necKHe noMKJia^KH. OKOHuaxejibiiaH BbiBepKa xyM6 no 
BbicoTe n b nnaHe h c^ana nx noA SexomipoBaHHe 
npoH3BOAHTCH BMecTe c T0pM03aMH nocjie ycTpaneHHH 
6oh Bajia Ha noAnnxHHKe h 6oh TopM03Horo A^cKa, 
ecjin OH HMeeTCH. 

Bo BCeM OCTaJIbHOM K MOHTa>Ky T0pM03HbIX TyiYl6 
npeA'HHBAHiOTCH Te >Ke xpeboBamm, nxo h k MOHxancy 
(JjyHAaMeHTHbix njiHT CTaTopa KpecTOBHH. 

5-3. MEX^BMECKAH HACTb 
CTATOPOB rH^POFEHEPATOPOB 

A. KOHCTPVKB(HH CTATOPA 

CTaTop Jiio6oro rHAporeHepaxopa np e acxhb nnex 
co6oh KOHCTpyKAHio, cocTOHmyio H3 Kopnyca (Kapnaca) 
Kpyrjion hjih APyroii c^opMbi h 3aKpenjieHHoro b 
Kopnyce cep ACHHHKa , b na3ax KOToporo yjrc»KeHa 
oSMOTKa. 

He Kacancb BonpocoB, oxhochiahxch k oSmoxkc, 
nOCKOJIbKy OHH H 3 JIOH<eHbI B § 5-4, paCCMOTpnm TOJIbKO 
KOHCTpyKAHio Kopnyca h cepAeuHHKa. 

Kopnyc CTaTopa — KOHcxpyKXHBHaH nacxt 
rHAporeHepaxopa — b 3 aBHCHMOCTH ot rabapnxoB mo- 
>KeT 6bixb BbinojiHeH KaK oaho uejioe hjih H3 AByx, 
nexbipex h Aa>Ke H3 inecxH nacxeii. Bnibop nncjia 


through paired opposing wedges and steel shims. The 
final adjustment of pillars with brakes in elevation and 
in plan and their acceptance for concreting are carried 
out after the run-out of the shaft on the thrust bearing 
and that of the brake disk plate are eliminated, if any. 

In all other respects the requirements imposed 
upon the erection of brake support pillars are the same 
as those imposed upon the erection of foundation 
plates of the stator and spider brackets. 

5-3, MECHANICAL PART 

OF THE HYDROGENERATOR STATOR 

A, STATOR CONSTRUCTION 

The stator of any hydrogenerator is a structure 
comprising a frame of a circular or any other shape 
and a core fixed within the frame and provided with 
slots that accommodate a winding. 

Since the winding is described in Section 5-4, 
only the constructions of the frame and core will be 
described below. 

The stator frame, depending on its size, 
may be manufactured as an integral part or built 
up to two, four and even six parts. The choice of the 
number of the frame segments and of their dimensions 



Phc. 101. CTaTop rHAporeHepaTopa c 

(JpyHAaMeHTHbiMH nuHTaMH: 

1 — Kopnyc CTaTopa ; 2 — hhjkhhh rpeSeinca; 
3 — CTHHCHaa mrouiBKa; 4 — ropH30HTajn>- 

Hfeiii none; 5 — BepTHKajitHbie kjihhbh ; 
6 — aKTHBHan cTajn» (cepaeHHHK) ; 7 — npo- 
yuiHHa flJiH CTponoBKH; 8 — bcpxhhh none; 
9 — HapyjKHan CTCHKa; 10 — (JjyHflaMeHT- 

Hbiii 6 ojit c raiiKaMH ; 11 — BCTpeHHbie nap¬ 
Hbie kjihhbh ; 12 — cj>yH^ a MeHTHan njiHTa; 

13 - IJHJIHHApHHeCKHH pajmajibHbiH uith4)t; 

C — npHBapKa kjihhbcb k Kopnycy; D — 
nocjie 3aTH>KKH raHKH npHBap htb 


Fig. 101. Generator stator with foun¬ 
dation plates: 

1 — stator frame; 2 — lower damping plate; 
3 — clamping stud; 4 — horizontal band; 

5 — vertical wedges; 6 — core; 7 — slinging 
eyebolt; 8 — upper band; 9 — outer wall; 

10 — foundation bolt with nuts; 11 —op¬ 
posing pairs of wedges; 12 — foundation 

plate; 13 — cylindrical radial pin; C — welding 
of wedges to frame; D —after tightening the 
nuts shall be welded up 
Yseji II— Unit II 
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cerMeHTOB h hx rabapnxoB AHKxyexcn ycnoBiiHMH 
nepeB03KH k Mecxy MOHxa>Ka. Kopnyc exaxopa (puc. 101) 
cBapHBaiox H3 jihcxoboh yrjiepoAHexoH cxajin. 3xo 
KOHCxpyKAHH H3 nexbipex-nHXH ropnsoHxaAbHbix non- 
cob; mokay noncaMH BBapeHbi BepxHKajibHbie paAH- 
aJibHO HanpaBJieHHbie pe6pa H3 jihcxoboh cxajin, a no 
BHyxpeHHen nacxn— pacnopHbie yrojibHHKH. K yrojib- 
HHKaM h k pedpaM c 3aAaHHbiM onpeAejieHHbiM inaroM 
npHBapeHbi BepxHKajibHbie kjihhbh 5, HMeioinne o6biuho 
c OAHOH CXOpOHbl npO(|)HJIb (j)OpMbI JiaCXOUKHI-ia XBOCXa. 
Ha 3 XHX KJinnbHx cobnpaiox aKXHBHyio exajib exaxopa 

(cepAenHHK) 6 . 

IIomhmo ropH30HxajibHbix noHCOB, pacnojio>KeHHbix 
Ha Bbicoxe, paBHOH Bbicoxe cepAenmiKa, b BepxHeii h 
HHHCH eii nacxnx Kopnyca npHBapeHbi yxojnneiiHbie, 
MeHbinen umpHHbi, ropH30HxajibHbie c b epxHKaJibHbimH 
pebpaMH nonca 8 , npeACxaBJimoiAne co6oh (JjjiaHijbi 
exaxopa. BepxHHH ropH30HxaJibHbiii none npeAHa3Ha- 
neH jsjih KpenjieHHH Jian BepxHeii KpecxoBHHbi , a hh>k- 
hhh — A^ KpenjieHHH exaxopa k (JiyiiAaMeHxi-ibiM 
nAHxaM. HHorAa hh>khhh none cjiy>i<nx xaK>i<e n ocho- 
BaHHeM A-^b KpenjieHHH BepxHKajibHbix KJiHHbeB. B 
3 T0M cjiynae pa6oxa exaxopa yxyAHiaexcn, xaK KaK 
3axpyAHnexcH CHMMexpHunaH 6ouKOo6pa3naH AO(J)Op- 
MauHH exaxopa npn HarpeBe, a sxo yxyAinaex paboxy 
KpenjieHHH aKXHBHOH cxaAH c KopnycoM h Kopnyca k 
4)yHAaMeHxy. 

B Mecxax KpenjieHHH c cj)yHAaMeHXHBiAin njinxaMH 
h JianaMH BepxHeii KpecxoBHHbi Ha BepxneM h hhjkhcm 
(}) jiaHi;ax Kopnyca npHBapeHbi h MexaHnnecKH obpabo- 
xaHbi yxojimaiomne njinxKH. 

IIo Hapy>KHOMy KOHxypy ropH30HxajibHbix noncoB, 
BKJHonaH h cjjJiaHAbi Kopnyca, npHBapeHbi BepxHKajib¬ 
Hbie cxajibHbie jiHCXbi P, npeACxaBJimoiAHe codoii b 
3 aMKHyxoM KOHxype napy>KHyio cxeHKy exaxopa, KaK 
npaBHJio, Kpyrjion cJjopMbi. B 3xon cxeHKe hmcioxch 
OKH a, nepe3 Koxopbie bbixoahx B03Ayx, nporoHneMbiH 
BeHXHAHXOpaMH uepes odMOXKy h aKXHBHyio exajib 
exaxopa. Y THAporeHepaxopoB nedojibiiion moiahocxh 
( caMOBeHXHJiHpyromHXcn) corpexbiii B03Ayx bbixoaux 
nepe3 sxh oraa Henocpe acxbchho b MamHHHbiii 3aji. 
Y KpynHbix THAporeHepaxopoB, oxna>KAaeMbix no 3aMK- 
HyxoMy AHKJiy, corpexbiii B03Ayx bmxoahx b cneunajib- 
Hyio KaMepy, npeABapnxejibHO npoiiAH nepe3 BOA^Hbie 
B 03 AyxooxjiaAHxejin, ycxaHaBJiHBaeMbie npoxHB xaKHx 
OKOH. 

Y pa3x>eMHbix cxaxopoB b Mecxax pa3beMa cerMeH- 
xob npHBapHBaiox h MexaHHnecKH odpadaxbiBaiox ycn- 
Jieimbie BepxHKajibHbie dpycbH hjih roiHXbi. Ohh 
HM eiox oxBepcxHH noA cxH>KHbie nmHJibKH h noA paAH- 
ajibHO pacnojiaraeMbie AHJiiiHApnnecKHe mxnclixbi, ko- 
XOpbie (J)HKCHpyK)X HeH3MeHHOCXb nOJIOH<eHHH oAHoro 
cerMeHxa no oxhohichhio k ApyroMy. Tai<ne >Ke mxn^xbi 
ycxaHaB jihb aiox Me>KAy (|)yHAaMeHXHoii njiHxoii h iih>k- 
Hen nojiKoii exaxopa. IIIxH(j)Xbi Aaiox B03MO>KHocxb 
exaxopy npn H3MeHeHHH xeMnepaxyp paBHOMepno H3Me- 
HHXb cboh AKaMexpajibHbie pa3Mepbi 6e3 HapyineHHH 
AeJIOCXHOCXH 3XHX IHXH(j)XOB. 

JI^jih cxponoBKH npn KaHxoBKax h nepeHocKe cer- 
MeHXOB exaxopa b BepxHioio nacxb KancAoro H3 hhx 


is dictated by conditions of the frame transportation 
to the erection site. The stator frame (Fig. 101) is 
welded of carbon plate steel. The frame consists of 
four or five horizontal belts with vertical ribs of plate 
steel welded radially in-between; the frame interior 
accommodates brace angles welded therein. Welded 
to these angles and to the ribs are vertical wedges 5 
which are spaced at a specified pitch and are usually 
dovetailed on one side. These wedges are used for 
stacking stator core 6 . 

In addition to horizontal belts located at the height 
equal to that of the core welded to the top and bottom 
parts of the frame are horizontal belts 8 with vertical 
ribs; they are more thick and less wide than the other 
belts and function as supporting flanges of the stator. 
The top horizontal flange is intended for securing the 
top spider bracket feet and the bottom flange, for 
fixing the stator to the foundation plates. Sometimes 
the bottom flange is also used for the fixation of ver¬ 
tical wedges. In this case the stator performance is 
impaired since a symmetrical barrel-shaped deformation 
of the stator at heating is hindered, this in its turn 
impairing the fixation of the active steel to the frame 
and the frame to the foundation plate. 

Machined thickening plates are welded to the top 
and bottom flanges of the frame at the points of con¬ 
nection of the frame with foundation plates and the 
top bracket feet. 

Vertical steel plates 9 are welded along the outside 
perimeter of the horizontal belts including the frame 
flanges. These plates form a closed outside wall of the 
stator, circular in shape as a rule. In this wall ports 
are provided for the exit of air forced by fans through 
the stator winding and active steel. In small (self- 
cooled) hydrogenerators hot air is exhausted through 
these ports directly into the machine room. In large 
hydrogenerators using a closed-circuit cooling system 
hot air is exhausted into a special chamber after it 
has passed through water coolers installed opposite 
these ports. 

In split stators reinforced vertical bars or plates 
are welded and machined at the joints between the 
segments. In these bars or plates holes are provided 
for coupling studs and for radially arranged cylindrical 
pins which fix the segments in the permanent position 
in respect to each other. Similar pins are installed 
between the foundation plates and the stator bottom 
flange. The pins enable uniform diametral deforma¬ 
tions of the stator at temperature fluctuations, without 
breaking the pins. 

Two special eyes 7 are usually welded to the top 
part of each segment for slinging the segments during 
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oSbiuho BBapHBaiOT no ABe cneAnajibHbie npoyuiHHbi 7, 
KOTopbie oGecnenHBaioT npn nepeHocne 6ojiee paBHo- 
BecHoe nojiOHceime h ofijiernaiOT ycTaHOBKy cerMeHTOB 
Ha 4>yHAaMeHTbi. 

CepAenHHK c t a t o p a, npeACTaBJinioiAHH 
co6oh aKTHBHyio nacTB rHAporeHepaTopa, npeAHa3Ha- 
neH RJin npoBeAeHHH MarHHTHoro noTona h pa3MemeHHH 
oGmotkh. B AejiHX yMeHLineHnn noTepb ot BHxpCBbix 
tokob ero ACJiaiOT H3 tohkhx, HiTaMnoBaHHbix H3 
BbicoKOJierHpOBaHHon ajieKTpnnecKOH CTajiH, cerMeH- 
tob c noHH>KeHHbiMH yAejibHbiMH noTepHMH. 3a no- 

cjieAHee BpeMH CTajiH npHMeHHTL xojiOAHOKaTaHyio Ten- 
CTyp ob aHHyio erajib, HaMarHHueHHyio baojib nponaTa. 
3Ta crajib npn TaKHX >Ke yACJitHbix noTepnx ofiecneuH- 
BaeT Jiynmyio mohojihthoctb cepAeuHHKa fijiaroAapn 

MeHbniHM OTKJIOHeHHHM no TOJIIAHHe. 

CerMeHTbi CTann nepeA cdopKOH b naneTbi c o6enx 
cropoH noKpbiBaiOT tohkhm cjioeM H30JiHipioHHoro Jiana 
neuHOH cyrnKH. CTaTop cepAeuHHKa HaSupaiOT Ha kjih- 
HbHX, HMeiOIAHX (|)OpMy JiaCTOHKHHa XBOCTa (pnc. 101) 
hjih ApyroH npo(})HJii>. CepAeuHHK no Been BbicoTe 
OnpeCCOBbIBaiOT CTH>KHbIMH UinH JIBKaMH , KOTOpbie B 
SoJIbUIHHCTBe KOHCTpyKAHH npoXOAHT B na3y Me>KAy 
Hapy>KHbIM KOHTypOM cerMeHTOB aKTHBHOH CTaJIH H 
BHyTpeHHHM KOHTypOM ropH30HTaJIBHbIX nOJIOK KOp- 
nyca CTaTOpa. 

YCHJIHH OT CTH>KHbIX HinHJieK Ha aKTHBHyio CTaJIb 
CTaTopa nepeAaiOTcn uepe3 ycraHOBJieHHbie CBepxy h 
CHH3y cepAenHHKa Ha>KHMHbie KOJitna h Ha>KHMHbie 
rpeOeHKH, HaxoAHiAHecn noA kojibaom npOTHB Ka>i<Aoro 
3y6a cerMeHTOB (pnc. 102). C homoiabio sthx cthhchbix 
ycTpoficTB npoH3BOAHTcn TaK>Ke AonpeccoBKa CepACH- 
HHKa b cnynae ero ocjiaSjieHHH b nponecce SKcnjiya- 
TaqHH. 

C6opi<y cepAenHHKa BbinojiHHiox TaKHM o6pa30M, 
HToSbi CTbiKH cerMeHTOB nepeKpbiBajincb nocjieAyio- 



iahm phaom cerMeHTOB, hto npn pa3beMH0M CTaTope 
oOecnenHBaeTCH npuMeHeHiieM uepeAyioiAHxcH Aonoji- 
HHTeJIbHbIX nOJIOBHHHbIX CerMeHTOB. 

,H,jih THAporeHepaTOpOB HeSojibuinx raSapmoB c 
Hepa3beMHbiMH CTaTopaMH cepACUHHK npeACTaBJineT 
co6oh KOJibAO, HaSpaHHoe b nepeKpofi H3 oTAejibHbix 
cerMeHTOB. y pasbeMHbix cTaTopoB cepAeuHHKH co- 
CTOHT H3 pa3beMHblX CerMeHTOB, CoSpaHHbIX B COOT- 
BeTCTByioiAnx cerMemax KOpnyca CTaTopa. 


handling. These eyes provide for better equilibrium 
in transportation by cranes and facilitate placing the 
segments onto foundations. 

The stator core is an active element of 
the hydrogenerator and is intended for the conduction 
of the magnetic flux and for the accommodation of 
the winding. To reduce eddy current losses the core 
is built up of thin stampings made of high-alloy electric 
steel with reduced specific losses. In the last few years 
cold-rolled grain-oriented steel magnetized along the 
rolling has found application. This sort of steel featur¬ 
ing the same specific losses provides for better integrity 
of the core due to lesser departures from the design 
thickness. 

Prior to assembling into stacks the steel stampings 
are coated on both sides with a thin layer of baking 
varnish. The stator core stacks are assembled on 
dovetailed or other wedges (Fig. 101). The core is 
compressed over its entire height with the help of 


coupling pins. In most constructions these pins are 
accommodated in the slot between the outside contour 
of the iron stacks and the inside contour of the hori¬ 
zontal shoulders of the stator frame. 

Forces are transmitted from the coupling pins to 
the stator core through pressure rings installed at the 
top and bottom of the core and the pressure combs 
located under the ring against each tooth of the seg¬ 
ments (Fig. 102). When the core comes loose in the 
course of operation, it can be additionally compressed 
with the help of these tightening devices. 

The core is assembled so that the joints between 
the segments are overlapped by the next tier of seg¬ 
ments. In case of a split stator such an overlapping 
is provided due to the use of alternating additional 
semi-segments. 

The core of small hydrogenerators with integral 
stators is a ring assembled of overlapping segments. 
The core of split stators consists of detachable segments 
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CofipaHHan b ceraeHTe cxajib cepACUHHKa coctoht 
h 3 cepHH naKeTOB tojhahhoh 40—50 mm, Me>KAy koto- 
pbiMH ycTaHOBJieHbi cneAHajibHbie paAnajibHO HanpaB- 
jieHHbie AHCTaHAHOHHbie pacnopKH AByTaBpoBoro hjih 
Apyroro ceueHHH (pnc. 102). JLiHHa sthx pacnopoK 
paBHa niHpHHe cerMeHTOB cTajm, 3aMepeHH0H no 3y6y, 
a HIHpHHa oSblUHO npHHHMaeTCH OKOJIO 10 MM. 3th 
pacnopKH b cepAeuHHKe CTaTopa o6pa3yiOT bchthjih- 
AHOHHbie KaHajibi, no kotopbim npH paboTe rHAporene- 
paTopa npoxoAHT oxjia>KAaioiAHH B03Ayx. 

B coOpaHHOM cepAeuHHKe no BHyrpeHHeH uacra ero, 
Ha 3 biBaeMOH pacTouKOH CTaxopa, o6pa3yiOTCH paAnajib- 
Hbie npHMoyrojibHbie KaHajibi, HMeioiAHe co cropoHbi 
BHyTpeHHero A^aMeTpa npope3H b BHAe JiacTouKHHa 
XBOCTa. B 3th npHMoyrojibHbie KaHajibi 3aKjiaAbiBaioT 
ofiMOTKy CTaTopa; pacKpenjimoT oSmotky c noMoiAbio 
KJIHHbeB, 3a6HBaeMbIX B KaHajibi (J)OpMbI JiaCTOUKHHa 
XBOCTa. 

BbicoTa cepAeuHHKOB rHAporeHepaTopoB no ycno- 
bhhm nepeB030K oBbiuho He npeBocxoAHT 2500 mm, 
xoth b npaKTHKe coBpeMeHHoro THAporeHepaTOpocTpoe- 
hhh H3BecTeH npHMep, KorAa odMOTKa CTaTopa 6biJia 
pa3MeiAeHa Ha aKTHBHOH Rimne okojio 7000 mm. 


B. CEOPKA CTATOPA B KOJIBIJO 

B tom cjiyqae, KorAa CTaTop rHAporeHepaTopa 
npeACTaBJiaeT co6oh cfiopHyio H3 OTAejibHbix cerMeHTOB 
KOHCTpyKAHK), CemeHTbl C 3anpeCCOBaHHOH aKTHBHOH 
CTanbio h yjio>KeHHOH Ha 3asoAe b na3ax CTajin oOmotkoh 
( npoMe oSmotok b cTbiKOBbix uacTHx) noAaioT Ha c6o- 
poHHyio njiomaAKy b 3aBOACKoii ynaKOBKe. 

Ha cOopouHOH njioiAaAKe, HenocpeACTBeHHO Ha 
njiaT(J)opMe hjih noejie chhthh c Hee, yAajimoT ynaKOBKy 
h 3aumAaiOT iijiockocth, conpnraeMbie c (J)yHAaMeHT^ 
HbIMH nJIHTaMH, H nJIOCKOCTH CTbIKOB. OSbIHHO 3aHHCTKy 
npOH3BOAHT C nOMOIAbK) B03AyniHOH HJIH 3JieKTpHHeC- 
KOH MaiHHHKH, K KOTOpOH npHCTpaHBaiOT npOBOJIOHHbie 
hjih nponHTaHHbie jkhakhm ctckjiom BOHJiouHbie Kpyrn. 
Bee 3a6oHHbi h 3ayceHAbi 3aiiHJiHBaioT i-iaraijiLHHKOM; 
npH 3 tom HanOojiee TiAaTejibHo 3anHJiHBaiOT njiocKocTH 
COnpHHCeHHH aKTHBHOH CTaJIH CTaTopa. 

Kan y>Ke 6 biJio CKa 3 aHO (§ 3-8), craTopbi rHApore- 
HepaTopoB JiioObix pa 3 MepoB mo>kho coOnpaTb noji- 
hoctbk), BKjnonan h yKJiaAKy oOmotkh, KaK Ha efiopon- 
Hbix njioiAaAKax, TaK h Ha MecTe hx nocTOHHHon ycra- 
hobkh. CofipaHHbie Ha cSopouHofi njioiAaAKe CTaTopbi 
nepeHOCHT k Mecry ycTaHOBKH c noMoiAbio cneAHajib- 
hoh TpaBepcbi (pnc. 103), jih6o 6e3 Hee (pnc. 107). 
Ee 3 TpaBepc nepeHOCHT craTopbi, HMeioiAHe cpaBHH- 
TejibHO HeOojibiHHe rafiapHTbi h OTHocHTejibHO HcecTKHe 
Kopnycbi. 

Ilpn cfiopKe CTaTopoB HenocpeACTBeHHO Ha Mecre 
yCTaHOBKH HX CerMeHTbi nOAaiOT KpaHOM Ha CBOH (J)yH~ 
AaMeHTbi. BbiSop Toro hjih hhoto BapnaHTa onpeAe- 
^iHeTCH npoeKTOM npOH 3 BOACTBa paOoT B 3 aBHCHMOCTH 
OT HajIHHHH cfiopOHHblX IUIOIAaAeH, npHHHTOH cxeMbi 
CTpoHTejibHbix paSoT h Apyrnx coo 6 pa>KeHHH (ofiiAan 


assembled in corresponding segments of the stator frame. 

The core steel assembled in the segment com¬ 
prises a number of stacks, 40 to 50 mm thick, with 
special radial I-section or otherwise shaped spacers 
fitted in-between (Fig. 102). The length of these spacers 
is equal to the width of active steel segments measured 
over the tooth, the spacer width being usually about 
10 mm. These spacers form cooling ducts in the stator 
core through which cooling air passes while the gene¬ 
rator is running. 

Radial rectangular ducts are formed in the stator 
bore. On the inner diameter these ducts have dovetail 
slots. These rectangular ducts accommodate the stator 
winding which is fixed in position with the help of 
wedges driven into the dovetail slots. 

Proceeding from conditions of transportation, the 
height of hydrogenerator cores is usually not in excess 
of 2,500 mm, although in modern hydrogenerator 
engineering practice a core length of about 7,000 mm 
is known. 


ft, ASSEMBLING THE STATOR RING 

When a hydrogenerator stator is made up of indi¬ 
vidual segments, the segments with active steel pressed- 
in and the winding placed into the slots in the active 
steel at the manufacturing plant (except for windings 
of the joints) are delivered to the assembly floor in 
Manufacturer’s packing. 

On the assembly floor (immediately on the assembly 
platform or upon removal from it) the packing is 
removed and the surfaces to be in contact with foun¬ 
dation plates and the joint surfaces are cleaned, usually 
with the help of a pneumatic or electric machine equip¬ 
ped with wire or felt disks impregnated with water 
soluble glass. All dents and barbs are filed; in the 
process, the surfaces of active steel joints are to be 
filed most carefully. 

As it has been previously stated (Section 3-8), 
the stators of hydrogenerators of any size may be as¬ 
sembled completely, including the placement of winding 
both at the assembly floors and on the installation site. 
Stators assembled on assembly floors are transported 
to the installation site with the help of a special 
lifting beam (Fig. 103) or without a beam (Fig. 107). 
Stators of comparatively small sizes and having 
relatively rigid frames are handled without lifting 
beams. 

In case stators are assembled directly on the instal¬ 
lation site, the stator segments are delivered by a crane 
onto the stator foundation. The choice of one or 
another alternative of stator erection is determined 
by the work execution sequence plan depending on 
available assembly floors, adopted construction schedule 
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Ph&. 103. YcTaHOBKa Ha 4>yH- 
AaiweHT cTaTopa m^poreHepa- 
Topa, coOpaiiHoro nojiHocrbio 
Ha cSopoHHOH miomaflKe (cTa- 

TOp OTHOCHTeJIbHO SOJIbIHHX 
raSapHTOB h cp aBHHTe jibho Ma- 
jioh >Ke ctkocth KOpny ca 
EpaTCKaa T3C) 

Fig. 103. Installation of gene¬ 
rator stator on foundation. 
The stator was completely 
assembled at assembly floor 
(the stator is of a relatively 
large size and relatively small 
rigidity of frame — Bratskaya 
hydroelectric power plant) 


AjmTejiBHocTh c 6 opKH CTaTopa, bkjeeow yKJiaAKy h 
H 30 JIHp OBKy oSmOTKh). 

IIopHMOK CTbIKOBKH CTaTOpa Ha cSopOHHOH nJIO- 
ntaAKe h Henocpe actb eHHO b KpaTepe arperaTa noHTH 
OAHHaKOB. PaccMOTpHM cxbiKOBKy CTaTopa HenocpeA- 
CTBeHHO b KpaTepe rHApoarperaTa. 

IIoAroTOBJieHHbiH k MOHTancy cerMeHT CTaTopa c 
npHSoJIHeHHblMH B COOTBeTCTBHH C MapKHpOBKOH (J)yH- 


and other considerations (the total time required for 
the stator assembly, including placement and insulation 
of winding). 

The procedure of jointing the stator components 
is almost the same for the cases of erection on the 
assembly floor or in the power unit pit. Described 
below is the procedure of jointing the elements directly 
in the power unit pit. 


Phc. 104. IlepeHOC CTaTopa k MecTy 
ycTaHOBKH, coSpaHHoro iiojihoctbio Ha 
cbopouHoii iuiomaA Ke (cTaTOp otho- 
chtcjibho HeOojibiiiHX rabapuTOB h cpaB- 
HHiejibHO 6oJibmoii jkcctkocth) 


Fig. 104. Handling of stator to instal¬ 
lation site. The stator was completely 
assembled at assembly floor (the stator 
is of a relatively small size and relatively 
high rigidity) 



198 



Phc. 105. KaHTOBKa cemeHTOB CTaTopa rHApore- 
HepaTopa Ha cneijHajibHbix KaHTOBaxejmx (KpacHO- 
HpCKan T3C): 

a — nepBbm 3Tan; 6 — 3aBepnraiomnH 3Tan 

Fig. 105. Tilting of stator segments by special 
filters (Krasnoyarskaya hydroelectric power plant): 

a — first stage; 6 — final stage 


AaMeHTHbIMH nJIHTaMH HJIH 6e3 HHX, B 3UBHCHMOCTH OT 
npHHHTOH TexHOJiornH MOHTa>i<a 3aKJiaAHbix uacxeH, 
3acxponjiHBaioT Rim KaHTOBKH b BepTHKajibHoe nojio- 
>KeHHe 3a A^e npoyniHHbi b BepxHux jiodoBbix uacrax 
hjih 3a pedpa uepe3 oKHa Ha 3aAHen crmriKe, ecjin 
npoyiHHH B KOHCTpyKIJHH HOT. CoeAHHHTeJIBHbie IHHHbl 
paCTHFHBaiOT B CTOpOHy OT TpOCa, HTo6bI npeAOXpaHHTb 
hx ot noBpe>KACHHH. KaHTOBKa npOH3BOAHTCH Ha cne- 
AHajibHbix jianax, ycTaHaBJiHBaeMbix no 2 hit. Ha cer¬ 
MeHT (pnc. 105). 

PacKaHTOBaHHbiH cerMeHT CTaTopa cpa3y >i<e nepe- 
hocht b KpaTep rHApoarperaTa h ctbbkt Ha cjDyriAaMeHT- 
Hbie njiHTbi hjih c njiHTaMH Ha 3apaHee BbicTaBjieHHbie 
Ha npoKjiaAKax napHbie BCTpeunbie kjihhbh. CerMeHT 
b ceKTope craTopHoro Kpyra pacnonaraiOT b cootbctct- 
bhh c npoeKTOM h MapKHpOBKOH Ha BepxHeM (jjJiaHue 
Kopnyca okojio ^tbikob hjih Ha njiocKOCTH CTbiKa, a 
TaKHce Ha hh>khcm cjjjiaHite okojio KpenjieHHH k cjjyHAa- 
MeHTHblM nJIHTaM. 

YcTaHOBJieHHbiH Ha (JjyHAaMeHTe nepBbin cerMeHT 
CTaTopa HaAOKHO 3aKpenjmioT nepe3 aHKepHbie njiHTbi 
4>yHAaMeHTHbIMH GoJITaMH K SeTOHHOMy OCHOBaHHIO. 


A stator segment prepared for erection, with foun¬ 
dation plates bolted to the segment in accordance with 
markings, or without foundation plates, is slinged 
(depending on the adopted method of the erection of 
embedded parts) for tilting into the vertical position 
at two ears in the upper end windings or at the ribs 
through opening on the rear wall if no ears are pro¬ 
vided. Connecting busbars are pulled aside from the 
hoisting cable to prevent damage to them. Tilting is 
performed on special lugs, two lugs per each segment 
(Fig. 105). 

The tilted stator segment is instantly transported 
to the hydropower unit pit and placed onto the foun¬ 
dation plates or, when assembled with foundation 
plates, onto opposing paired wedges installed before¬ 
hand. The segment is located in the stator circle sector 
in conformity with the design and markings made on 
the top flange of the frame near the joints or on the 
joint surface and also on the bottom flange near the 
point of fixation to the foundation plate. 
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Ecjih b KOHCTpyKUHH cjjyHAaMeHTa aHKeputix iijihtok 
* y H flaMeHTHbix Sojitob Hex, to cerMeHT CTaxopa pac- 
KpennHioT ycxaHOBKOH pacTHH<ei< ot Kopnyca CTaxopa 
k maxxe raflporeHepaxopa hjih flpyrHM KpenjieHHHM b 
6eTOHe. 

CjieAyeT otmcthti,, hto nojio>i<eHHe BHyxpeHHeH 
pacxoTOH nepBoro cerMema cxaxopa othochtcjibho och 
raflpoarperaTa aoji>kho Sbitb oco6chho xouHbiM, Tan 
K3K 3T0T cerMeHT B ABJibHefliueM CJiy>KHT hcxoahoh 
6asoH Ana ycxanoBKH nocjieAyiomwx cenweHTOB. IIoc- 
jieAViomHe cermeHTbi cTaTopHoro KOJibua ycTaHaBJin- 
Baxox T3KHM >Ke CHOCoSoM ( P HC. 106 H 107) B COOTBCTCT- 
BHH C HX MapKHpOBKOHBpH 3TOM 0C06eHH0 CJieAHT 33 
TeM, tiToObi pacnojio>KeHHbie b cxbiKax paAaajibHo 
HanpaBJieHHbie ipi j ffln;ip b 1 icckh e iimKjjTbi, cocahhii 
xeJibHbie uiHHbi h 6aHAa>KHbie KOJibpa coBnaAaJin. 
Eoutw CTbiKOBbix coeAHHeHHH npeABapHTejibHO saxnrH- 
Baxox, He BbiSnpaH Bcero sasopa mokay conpuraeMbiMH 

nJIOCKOCTHMH CTbIKOB HO 3KTHBH0H CT3JIH H HO CTblKO- 
BblM SpyCbHM HJIH HJIHT3M B 33BHCHM0CTH OT KOH- 
CTpyKAHH KpenjieHHH CTbina. Ecjih npH 33BOAKe nocjieA- 
H ero cerMeHxa cTaTopa boshhkhyt saxpyAHeHHH, to 
HesaMKHyToe kojibao hs ycTaHOBJieHHbix paHee cerMeH- 
tob CjieAyeT hcckojibko pasAaxb pacxH>KKaMH, a aaxeM 
3aBOAHTb nocjieAHHH cerMeHT. 

nocjie npeABapHxejibHOH paBiioMepnoH 3axH>KKH 
Bcex CTbiKOBbix HIHHJieK C OCTaBJieHHeM 3330P0B MOKAY 
conpuraeMbiMH hjiockocthmh hcoSxoahmo chhtb 4>op- 
MyjIHp 3330P0B Me>KAy 3™MH HJIOCKOCTHMH HO BbICOTe 
aKTHBHOH CT3JIH H CTBIKOBBIX OpyCBeB HJIH HJIHT He 

M e H ee mm b xpex-ueTbipex xouKax b aasHCHMOCTH ot 
B bICOTbl CTaTopa. 

Ecjih aasopw no seen Bbicoxe aKTHBHOH cTajin h P h 

JIIOGOH MaHHHyjIHAHH 3aTHH<HbIMH HIHHJIBKaMH nojiy- 
naioTCH HeoAHHaKOBbiMH, c pasHHHeft Sojibiue 0,1 mm, 
TO Me>KAy CTBIK3MH HO 3KTHBHOH CT3JIH H3AO 33JI0JKHTB 
npeccuinaHOBbie npoKJiaAKH HeoAHHanoBoro npocjmjiH, 
MT06bI TOJIIHHHa HX HO Been BbICOTe COOTBeTCTBeHHO 


The first stator segment installed on the foundation 
is to be reliably secured through anchor plates with 
the help of foundation bolts to the concrete foundation. 

If no foundation bolt anchor plates are provided in 
the foundation design, the stator segment is to be 
secured with braces installed between the stator frame 
and the hydropower unit pit walls or some other 
concrete surfaces. 

It should be noted that the position of the inner 
bore of the first stator segment in respect to the hydro- 
power unit centre line shall be especially precise since 
this segment will be referred to in the future installation 
of other segments. The subsequent segments of the 
stator ring are installed in the same way (Figs. 106 
and 107) in conformity with their marking. In the 
procedure particular attention is given to the align¬ 
ment of radial cylindrical pins, connecting busbars 
and strengthening bands. The joint bolts are to be 
tightened preliminarily, without taking up the entire 
clearance between the jointed planes of active steel 
and of joint bars or plates, depending upon the design 
of the joint fastening arrangement. In case any dif¬ 
ficulties arise while bringing in the last segment of 
the stator, the open ring of the already mounted seg¬ 
ments should be slightly driven apart with the help 
of braces and then the last segment is to be bro- 

ught in. 

Upon a preliminary uniform tightening of all the 
joint pins with clearances left between the jointed sur¬ 
faces a record sheet of clearances between these sur¬ 
faces should be worked out. The clearances are measu¬ 
red between the active steel joint surfaces and between 
the joints of the joint bars or plates at not less than 
three or four points over the stator height, depending 
on the height. 

If equal clearances cannot be achieved over the 
active steel height by adjusting the coupling pins, 



Phc. 106. YcTSiHOBKa cemeHTa CTaTopa Ha $yHflaMeHT 


Fig. 106. Installation of stator segments on foundation 


paBHHJiaCB 3a30paM MOK^y CTBIK3MH no aKTHBHOH 
cTajm. Ecjih 3a30pBi no Been bbicotc conpnraeMBix 
nJiocKocTen aKTHBHOH CTajin riojiyuaiOTCH npaKTHuecKH 
OAHHaKOBBIMH, TO MOKAY 3THMH nJIOCKOCTHMH 3aKJia- 
ABiBaiOT nJiocKHe npoKJiaAKH H3 npeccinnaHa tojihihhoh 
ot 0,5 AO 1 MM, B 3aBHCHMOCTH OT KOHCTpyKIJHH CTaTOpa. 
ITpH 3 tom nocjie ycTaHOBKH Me>KAy CTBinaMH npoKjia- 
AOK niHpHHa CTBiKOBoro na3a He AOJinma- otkjiohhtbch 
ot npoeKraoro 3Hauemra 6ojiee ueM Ha ±2 — 3%, a CMe- 
meHHe no Any na3a mo>kct 6bitb He 6ojiee 0,5 mm. 

ITocjie Toro nan mokay ctbikobbimh hjiockocthmh 
aKTHBHOH CTajin CTaTopa 6yAyT y ctuhobjichbi npecc- 
mnaHOBBie npoKJiaAKH nepeMeHHoro hjih OAHHaKO- 
Boro ceueHHH, mo>kho npHCTynHTB k ok oHnaTe jibhoh 
3aTH>KKe 6 ojitobbix coeAHHeHHH cerMeHTOB CTaTopa. 
3aTH>KKy CjieAyeT BBinojiHHTB paBHOMepHo, Hamma h c 
BH yTpeHHero pnAa mnnjieK h nocTeneHHO nepexoAH k 
innHjiBKaM APyrnx phaob (ot itempa k nepn^epHn). 
Uto6bi obecneuHTB 6ojiee njioTHoe coeAHHeHHe ctbikob 
aKTHBHOH CTajin CTaTopa b npoitecce Bceii ctbikobkh, 
HaAO 3aTHrHBaTt b nepByio onepeAB mmuiLKH BHyT- 
peHHero pnAa. KpoMe Toro, njioTHOMy conpH>KeHHio 
ctbikob no aKTHBHOH CTajin cnocoOcTByeT 3a3op Me>KAy 
CTBIKOBBIMH OpyCBHMH HJIH nJIKTUMH, oOeCTieHHBaiOIAHH 
HeKOTopBiii HaTHr npH 3ara>KKe ctbikob. Ecjih npn 
oKOHuaTejiBHOH 3aTH>KKe innnjieK mokay ctbikobbimh 

nJIOCKOCTHMH OpyCBeB HJIH nJIHT o6pa3yiOTCH 3a30pBI Ha 
vnacTKax ajihhoh 200—250 mm, to Ha sthx ynacroax 
CjieAyeT npojio>KHTL cooTBercTByioiiteH tojiiahhbi npoK¬ 
JiaAKH H3 JIHCTOBOH CTaJIH. ^TOOBI He BBIHHMaTB CTH>K- 
HBIX UinHJieK, 3TH npOKJiaAKH MO>KHO A^JiaTB II-o6pa3- 
HOH (j)OpMBI, 3aBOAH HX B CTBIK OT nepHcjjepHH K H,eHTpy. 
CTBIKOBKa CTaTOpa CHHTaeTCH 3aK0HHeHH0H, eCJIH CTBI- 
KOBBie uinHJiBKH oSTHiiyxBi c npeAejiBHO AonycTHMBiM 
ycHJineM h Me>KAy conpnraeMBiMH hjiockocthmh aKTHB¬ 
HOH CTajin CTaTopa HeT 3a30pa. Ilpn 3tom Me>KAy njioc- 
KOCTHMH CTBIKOBBIX OpyCBeB HJIH nJIHT MOTyT 6 bITB 
jihiub MecTHBie 3a3opBi yuacTKaMH, He npeBBiinaioiiiHMH 


and the difference in clearances is in excess of 0.1 mm* 
press-board shims of various shapes are to be placed 
into the joints of active steel, the thickness of shims 
over the joint height being the same as the width of 
clearances in the active steel joints. In case all the 
clearances are practically the same over the entire 
height of the joint, flat press-board shims, 0.5 to 
1 mm thick depending on the stator construction, 
are to be placed between these surfaces. After the shims 
are placed, the width of the joint slot shall differ from 
the design value by not more than 2 or 3 per cent 
and the mismatch in the slot bottom should not be 
over 0.5 mm. 

After press-board shims of different or equal thick¬ 
ness are placed at the joints of the stator active steel, 
the bolted connections of the stator segments may be 
tightened up well home. The tightening should be per¬ 
formed uniformly, beginning from the inside row of 
pins and gradually turning to pins of other rows (from 
the centre to the periphery). To provide for a more 
tight connection of joints of the stator active steel, 
the pins of the inside row should be tightened first. 
Besides, the clearance between the joint bars or plates, 
which provides some negative allowance in tightening 
the joints, also improves tightness of the active steel 
joints. In case clearances occur between the split 
joints of bars or plates over a length of 200 to 250 mm 
after the pins are tightened up, sheet steel shims of a 
corresponding thickness should be fitted in these 
clearances. To fit these shims without removing the 
coupling pins, they may be made U-shaped and brought 
into the joint from the periphery towards the centre. 
The stator may be considered as properly jointed if the 
coupling pins are tightened with the ultimate force 
and no gaps are left between the split joints of the stator 
active steel. Only local gaps on sections not longer 
than 200 to 250 mm, may be tolerated between the 



Phc. 107. YcTaHOBKa 3aMbiKaiomero cemeHTa 
cxaTopa (KpacHOHpci<aH T3C) 

Fij. 107. Installation of closin^-up stator seg¬ 
ment (Krasnoyarskaya hydroelectric power 
plant) 
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200—250 mm 5 c o6men npoxn>KeHHocxBio He Soiree 
50% Been BbICOTbl CTbIKa. 

OKOHuaxejiBHo oSTHHyTbie raHKH cxbikobbix uinn- 
jieK A°n>KHbi SbiTB npHBapeiibi oahoh rpaHbio k ctbi- 
KOBOMy Spycy hjih njinxe b saBHCHMOCTH ot KOHcxpyK- 
IJHH CTbIKa. 

Onepau,HH no 3axn>KKe raen npeAcxaBJinex hckoto- 
pyio cjiohchocxb BBHAy 3axpyAHHXe JIBHOrO TlORXOJia. K 
ranKaM ctbikobbix mnnueK, ocoSeiiHO BHyTpeHHero 
pHAa. JXjik 3thx Aejien npHMeHHiox pa3JiHUHOH cjjopMBi n 
pa3Hbix KOHCTpyKAHH raenHbie kjiiohh, 3Be3AOUKH n 
Apyrne cneijHajiBHbie cSojiHHBaxejin. JUjih o6nerneHHH 
paSoT no OKonnaxejibHOH 3axn>KKe CTbiKOBbix raen 
mo>kho peKOMeHAOBaTb xepMHuecKHH cnocoS (cm. 

§ 4-10, n.E). 

ft. BLIBEPKA GTATOPA UO BblCOTUblM 
OTMETKAM 

OKOHnaxeitbHo BbiBepHTb cxaTOp no BbicoTe mo>kho 
AO onycKaHHH poTopa b pacxoui<y cxaxopa hjih no 
onyiAeHHOMy poxopy, KorAa y>Ke SyAex npHijeHxpHpo- 
BaH reHepaTOpHbin Baji k xypdHHHOMy h BbiBepeHo 
SneHHe BaJia Ha no AnnxHHKe, nojiyuaeMoe 3a cnex Henep- 
neHAHKyJIHpHOCTH OnOpHOH BTyJIKH nOAnHTHHKa K 
och Bana reHepaxopa. BbiBepna BbicoxHoro noJio>KeHHH 
cxaxopa ao onycKaHHH poxopa Sojiee nporpeccHBHa h 
Aaex HanSojibiuyio xohhocxb. PaccMOxpHM axo Sojiee 
noApoSHO. 

BbiBepHXb cxaxop a° onycKaHHH poxopa mo>kho hjih 
cpa3y nocjie OKonnaxejibHOH cxbikobkh cerMeHxoB cxa¬ 
xopa, hjih nocjie oKOHnaHHH paSox no obMOXKe, yKJia- 
AbiBaeMOH b na3bi okojio cxbikob. B xom h Apy r0M 
cjiynae nopHAOK paSox 6yACx oAHHaKOBbiM. Kan y>Ke 
Sbino CKa 3 aHO b § 5-2, hcxoahbimh AaHHbiMH Rjm bbi- 
BepKH cxaxopa no BbicoxHOMy nonoHceHHio cjiy>Kax 
(JiaKXHneCKHe OXMeXKH CMOHXHpoBaHHbIX ysnoB rHApo- 
xypSnHbi. 

Ecjih paSonee KOJieco c BajiOM rHApoxypSnHbi k 
axoMy BpeMeHH y>Ke ycxaHOBJieHO b npaxep, KaK sxo h 
S bmaex b SojibUiHHCXBe cJiyuaeB, xo 6a30H aiu* BbiBepKH 
cxaxopa rHAporeHepaxopa no BbicoxHOMy nojio>KeHHio 
HBJinexcH oxMexKa BepxHeH nnocKOCXH ero (JuiaHija. 
npH 3 xom ynnxbiBaexcH, nxo (JpjiaHeu; Bana rHApoxyp- 
Shhbi ao cnapHBaHHH BajiOB HaxoAHxcn BcerAa HH>Ke 
cBoen paSoneH oxMexKH Ha BejiHHHHy, npeBbimaioiAyio 
Ha 4 —g mm Bbicoxy AeHXpHpyiomero nocaAOHHoro 
SypxHKa c|jjiaHi;eBoro coeAHHeHHH. PaSonen oxmcxkoh 
4>jiaHAa BaJia cjieAyex cnnxaxb oxMexny, noJiyneHHyio b 
pe3ynbxaxe ycxaHOBKH paSonero KOJieca rHApoxypSnHbi 
b paSonee nojio>KeHHe oxHocnxejibHO ycxaHOBJieHHbix 
3aKJiaAHbix nacxefi. 

OKOHnaxejibHyio BbiBepny BbicoxHoro nojionceHHH 
cxaxopa cjieAyex np0H3B0AHXb ao AeHXpHpoBamm ero 
oxHocnxejibHO och, xaK KaK npH noAx»eMax cxaxopa npH 
BbiBepKe BbicoxHoro nonojKeHHH ocb pacxonKH cxaxopa 
MO>nex jierKO nepeMecxnxbcn b KaKOM-JinSo npoH3BOJiB- 
hom HanpaBJieHHH. 3a ycxaHOBOHHyio 6a3y npn BbiBepKe 


split joints of bars and plates and their total length 
should be not more than 50 per cent of the total height 
of the joint. 

Completely tightened nuts of joint pins should be 
welded with one face to the joint bar or plate, depending 
on the type of joint. 

Tightening the nuts is a somewhat cumbersome 
operation due to difficult access to nuts of joint pins, 
especially to those in the inside row. To this end, use 
is made of miscellaneous wrenches, sprockets, and other 
tightening tools. To facilitate the work, it is good 
practice to tighten up the joint nuts using a thermal 
method (see Section 4-10, Item F). 

f. ADJUSTMENT OF THE STATOR VERTICAL 
POSITION 

The vertical position of the stator may be finally 
checked and adjusted before the rotor is lowered into 
its bore. This may be also carried out against the rotor 
positioned already into the stator, after the alignment 
of the generator and turbine shafts and check-up of 
the shaft run-out on the thrust bearing. The run-out 
of the shaft on the thrust bearing results from non¬ 
perpendicularity of the support lining of the thrust 
bearing in respect to the generator shaft centre line. 
The check and adjustment of the stator vertical position 
prior to lowering the rotor is a more advanced method 
and provides for a higher accuracy. This method is 
described below in detail. 

The stator can be checked and adjusted before the 
rotor is lowered immediately after its segments are 
completely joined or after the winding is placed in 
the slots at the joints. In either case, the procedure 
is the same. As has been stated in Section 5-2, the 
actual elevations of erected parts of the hydraulic 
turbine serve as initial reference data for the adjustment 
of the stator vertical position. 

If the turbine runner and shaft assembly is already 
erected in the turbine pit (as is usually the case), the 
hydrogenerator stator is adjusted in elevation taking 
the elevation of the top surface of the stator flange 
as the reference basis. In doing so it should be taken 
into consideration that the turbine shaft flange, prior 
to coupling the shafts, is always below its working 
elevation by more than 4 to 6 mm over the height of 
the centring fillet of the flange joint. The elevation obtai¬ 
ned after the installation of the turbine runner in its 
working position in respect to already installed embed¬ 
ded parts is to be taken as the working elevation of 
the shaft flange. 

A final adjustment of the stator vertical position 
should be carried out prior to centring it in respect 
to the centre line, as the stator bore axis may easily 
shift in any direction while lifting the stator to adjust 
its vertical position. In checking the stator horizontal 
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ropH30HxajiBHOCXH cxaxopa HaAO npHHHMaxi* pacxouKy 
cxaxopa, Koxopaa b npeAeJiax npaKXHuecKii nojiyuae- 
mbix cpeAHHx Aainibix AOJiHCHa 6biib napajuiejibHOH och 
B ana rn ap oxyp6 hhbi hjih HMext oxkjiohchhh He 6ojiee 
0,3 MM Ha 1 M BbICOXbl aKXHBHOH cxajiH cxaxopa. 

ripn BbiBepKe BbicoxHoro noJio>KeHHH cxaxopa 
OCHOBHOH yexaHOBOHHOH 6a30H AOJIHCHa 6bIXb CpeAHHH 
jihhhh no Bbicoxe aKXHBHOH cxanH cxaxopa, onpeAe- 
jineMan b pe3yjibxaxe cpeAHeapH(J)MexHuecKoro noAcnexa 
no 3aMepaM 3 kxhbhoh cxajiH cxaxopa Ha ABeHaAAaxn 
npoxHBonojio>KHbix paBHOMepHo pacnoJioHceHHbix yuacx- 
Kax. 

OxMexKy Rjm ycxaHOBKH cxaxopa jiyume Bcero 
3 aAaBaxb He no npoeKXHbiM AaHHbiM, a no AamibiM, 
nonyuaeMbiM b pe3yjibxaxe nepecuexa MOHxa>KHOH cxeMbi 
(CM. pHC. 100), COCXaBJieHHOH Ha OCHOBaHHH <J)aKXH- 
uecKHx jiHHefiHbix pa3MepoB no HaxypHbiM H3Mepe- 
hhhm Aexajien h y3JiOB rHApoarperaxa. BnojiHe noHHXHO, 
nxo Aim onpeAeJieHHH oxmcxok noA cxaxop Hex HaAo6- 
hocxh BbinojiHHXb Bee paSoxbi no ycxaHOBKe ynoMHHy- 
xbix y3JioB. BnojiHe AocxaxonHO paccuHxaxb hx Ha moh- 
xa>KHOH cxeMe no pe3yjibxaxaM xohho CAejiaHHbix h 
npoKOHxpojinpoBaHHbix 3aMepoB y3Ji0B h Aexajieii, x.e. 
no oOiahm jiHHeiiHbiM pa3MepaM hoabh>khoh h nenoA- 
bh>khoh uacxefi rHApoarperaxa. 

lip aKxnnecKH oxMexKH MOHxnpyeMbix y3JiOB npn- 
boahx b cooxBexcxBHe c pacnexHOH MOHxajKHOH cxeMOH 
3a cuex nOA^HBKH KJIHHbeB HJIH COOXBeXCXByiOmHX 
npoKJiaAOK H3 jihcxoboh cxajiH. 3xh npoKJiaAKH ycxa- 
HaBJiHBaiox no Mepe hcoOxoahmocxh noA napHbie kjihhbh 
cJjyHAaMeHxiibix njinx cxaxopa h HH>KHeH KpecxoBHHbi 
(ecjiH OHa ecxb), noA Jianbi BepxHefi KpecxoBHHbi h noA 
onopy riOAHHXHHKa, a HHorAa h no a rae3AO noAnnx- 
HHKa, ecjin 6e3 npoKJiaAOK He yAaexcn npHBecxn oxmcxkh 
b cooxBexcxBHe c AonycnaMH Ha B03M0>KHbie oxKJioHe- 
hhh. KaK y>Ke ObiJio CKa3aH0, no BbicoxHOMy nojio>i<e- 
hhk) cxaxop BbiBepmox b ochobhom 3apaHee, npn ycxa¬ 
HOBKe ero (JjyHAaMeHXHbix njinx. Ilocjie >Ke ycxaHOBKH 
cxaxopa Ha (jjyHAaMeHXHbie njrnxbi BbinojiHHiox tojibko 
OKOHuaxejibHyio AOBOAKy, nocKOJibKy onopHbie nnoc- 
kocxh HH>KHero (^Jiaiina cxaxopa aanacxyio He Haxo- 
Ahtch b oahoh njiocKocxn. IIpoBepHXB >Ke 3xo h yuecTB 
Ao ycxaHOBKH cerMeHxoB cxaxopa Ha (j>y hA aMeHTHbie 
nJIHXbl npaKXHUeCKH HeB03MO>KHO. riOAfiHBKy KJIHHBeB 
h ycTaHOBKy noA hhx npoKJiaAOK npoH3BOAHX npn 
nonepeMeHHOM noA^eMe xo oahoh, xo Apyrofi cxopoHbi 
cxaxopa KpaHOM hjih AOMKpaxaMH . 

XIjih Sojiee yAoOnoro noA^eMa cxaxopa c noMomBio 
THApoAOMKpaxoB b SexoHHOM (jjyHAaMeHxe ijejiecoo6pa3- 
ho npeAycMaxpHBaxB ycxponcxBo cnenHajiBHbix moh- 
xa>KHbix mxpa6 (pnc. 108). BbmepHXB BbicoxHoe nojio- 
HceHHe cxaxopa npn onynjeHHOM poxope 3HanHxejiLH0 
npoiqe, ho paOoxa no neHxpHp ob aHHio cxaxopa oxhoch- 
TejIBHO OCH npH 3X0M OCJIO>KHneXCH. IIpH BbiBepKe 
cxaxopa no Bbicoxe npn onymeHHOM poxope 3a HCXOAHyio 
ba3y npHHHMaiox cpeAHioio jihhhio nojnocoB onymeH- 
Horo h nocxaBJieHHoro no Bbicoxe b paSonee nojiojKe- 
Hne poxopa rHAporeHepaxopa. BbicoxHoe nononceHne 


position the stator bore is to be taken as a reference 
base. Within the limits of practically obtained average 
data, the stator bore should be parallel to the hydraulic 
turbine shaft axis accurate to 0.3 mm per 1 m of the 
stator active steel height. 

While adjusting the stator vertical position, the 
median line of the stator active steel height is to be 
taken as the basic reference line. This median line is 
determined as an arithmetic mean of twelve measure¬ 
ments of the stator active steel height at opposite 
equally spaced points. 

It is good practice to determine the elevation for 
the stator erection on the basis of data obtained by 
calculations made with reference to the erection dia¬ 
gram (Fig. 100) where actual linear dimensions of the 
hydraulic turbine parts are shown, rather than on the 
basis of design data. It is quite clear that there is no 
necessity of carrying out all operations on the installa¬ 
tion of the mentioned parts in order to determine the 
stator elevations. They can be calculated quite satis¬ 
factorily on the erection diagram from the data of 
accurate and checked measurements of units and parts, 
that is, from the overall linear dimensions of the mobile 
and fixed parts of the hydropower unit. 

The elevations of the erected assemblies are actually 
brought in agreement with the design erection diagram 
by inserting wedges or appropriate sheet steel shims. 
These shims are placed as needed under the paired 
wedges of the stator foundation plates and of the 
bottom spider bracket (if the bottom bracket is pro¬ 
vided), under the feet of the top bracket and under 
the thrust bearing support (and sometimes under the 
thrust bearing seat) in case otherwise the elevations 
cannot be brought into good agreement with tolerances. 
As has been already stated, the vertical position of the 
stator is adjusted mainly beforehand, while placing the 
stator foundation plates. Only final sizing is carried 
out upon the installation of the rotor on the foundation 
plates, since the supporting planes of the stator bottom 
flange often do not lie in the same plane. It is practically 
impossible to check this and to take it into consi¬ 
deration prior to installing stator segments onto the 
foundation plates. To drive in wedges and to fit shims 
under them the stator is to be raised with the help 
of a crane or jacks, at two sides alternately. 

In order to facilitate the stator lifting with the 
help of hydraulic jacks it is advisable to provide in 
the concrete foundation special erection block-outs 
(Fig. 108). Adjustment of the stator vertical position, with 
the rotor lowered into it, is much simpler but centring 
the stator in respect to the centre line is more compli¬ 
cated in this case. While adjusting the vertical position 
of the stator, with the rotor installed into it, the median 
line of poles of the rotor lowered into the stator and 
erected in the operating position is taken as a reference 
basis. The vertical position of the stator is established 
in this case on the basis of results of measurements 
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Phc. 108. HojX'beM CTaTopa npH BbiBepKe 
no BbicoTe c noMomtio rHflpOflOMKpaTOB, 
ycTaHasjiHBaeMbix b cnei^najitHbie MOHTanc- 
Hbie hhhih : 

1 — Kopnyc CTaTopa; 2 — d>yHAaiweHT no# craTOp; 

3 — BCTpe^Htie napHBie kjihhbh ; 4 — cneiniajn>Hbie 
MOHTajKHbie HiTpaSbi b c|)yHflaMeHTe ajib yciaHOBKH 
^OMKpaTOB; 5 — rciAPOAOMKpaTbi; 6 — tjpyHAaivieHT- 
Hbie njiHTbi; 7 — noAKJiaAKH 

Fig. 108. Hoisting of stator while checking 
for elevation with hydraulic jacks mounted 
in special recesses: 

I — stator frame; 2 — stator foundation; 3 — opposing 
pairs of wedges; 4 — special mounting block-outs in 
foundation for positioning the jacks; 5 — hydraulic 
jacks; 6 — foundation plates; 7 — pads 


CTaTopa 3 accb yCTaHaB jiHBaiox no aaMepaM cpe^mix 
JIHHHH pOTOpa H aKXHBHOH CTaJIH CTaTOpa C TCMH HCe 
TIOnyCTHMbIMH OTKJIOHeHHHMH. 

Bo BceM ocTajibHOM BbiBepKy mohcho np oh3bo ahxb 
aHajiornnno peicoMeHAy eMOMy cnocoSy BMBepKH cxa- 
TOpa ao onycKaHHH poTopa. 

CjieAyex saMeTHTt, hxo BbiBepna BbicoTHoro nojio- 
hcchhh eraxopa, a cjieAOBaxejitHO, h iteHTpnpoBaHne 
ero OTHocmejibHo och, BbinojinneMbie nocne onycicaHHH 
poxopa, yAJiHHHiOT ahkji MOHTa>Ka Ha Bpeivm, 3axpann- 
BaeMoe Ha 3 th onepaipm, uxo npaKranecKH Ha KpynHbix 
rHAporeHepaTopax cocraBJiHeT 3—5 Anen. 

r, HEHTPI1POBAHHE CTATOPA 
OTHOCHTEJIbHO OCH ni^POTEHEPATOPA 

IleHxpnpoBaxB cxaTop oxhochx£jibho och arperaxa, 
xan >ne nan h BbiBepnxb ero BbicoxHoe nojio>i<eHHe, 
mohcho ao onycKaHHH poxopa b cxaxop hjih c onynjeH- 
HbiM poxopoM. IJeHxpHpOBaHHe cxaxopa ao onycicaHHH 
poxopa MOHcex 6 bixb BbinojiHeHo ao ycxaHOBKH reHepa- 
xopHoro Bajia hjih nocne xoro, kslk Ban 6 yAex onynjeH 
Ha noAnnxHHK h npHijeHxpHpoBaH k Bajiy xypSHHbi 
( 30 HXHHHBIH XHn reHepaxOpOB). 

PaccMOxpHM Gojiee noApobHO cjiynan ijeHxpHpoBa- 
hhh cxaxopoB rnAporeHep axop ob oxHOcnxejibHO och 
rHApoarperaxa ao onycKaHHH poxopa b cxaxop Kan 
Han6ojiee nporpeccHBHBie, no3BOJimoiAHe coKpaxnxb 
Ahkji MOHxanca rHApoarperaxoB. 

Kan y>Ke 6 bijio CKa3aHO, hcxoahoh 6a3oii jsjul ijeH- 
TpHpOBamm cxaxopa oxHocHxejibHO och arperaxa aojihc- 
Ha cjiyncnxB ocl ycxaHOBjieHHoro h oxijeHxpHpoBaHHoro 
Bajia rHApoxyp6HHbi, a earn Ban ente He ycxaHOBJieH, 
xo ocb pacxoHKH noA paSonee KOJieco cooxsexcxByiomero 
y3Jia B 3aBHCHMOCXH OX KOHCXpyKAHH THApOXypSHHbl, 
BxoAHiiteH b cocxaB AaHHoro rHApoarperaxa. 

y^HTBIBan, HXO B nOA^BJIHIOmeM CoJIBIHHHCXBe 
cjiynaes cxaxopbi AeHxpnpyioxcH nocne ycxaHOBKH 
paSonero KOJieca h Bajia rHApoxypfinHBi, paccMoxpHM h 


of the rotor and stator active steel median lines, the 
allowable tolerances being the same. 

In all other respects, the adjustment procedure is 
similar to the recommended method for the adjustment 
of the stator prior to lowering the rotor into it. 

It should be noted that the adjustment of the stator 
vertical position and, consequently, its centring in 
respect to the centre line after the rotor is lowered into 
the stator takes more time so that the erection cycle 
of the unit is increased by the' time required for these 
operations. With large hydropower units this time 
amounts practically to 3 or 5 days. 

I). ALIGNMENT OF THE STATOR IN RESPECT 
TO THE GENERATOR CENTRE LINE 

The stator may be aligned in respect to the hydro- 
power unit centre line, prior to. lowering the rotor 
into it, or with the rotor already installed, just as 
in case of its vertical position adjustment. Alignment 
of the stator prior to rotor installation may be, in its 
turn, carried out prior to the generator shaft installa¬ 
tion or after the shaft is mounted on the thrust bearing 
and aligned with the turbine shaft (for umbrella-type 
generators). 

Alignment of stators in respect to the hydropower 
unit centre line before the rotor is inserted is the most 
advanced procedure as it shortens the time required 
for the erection of hydropower units. That is why, 
this procedure will be described below in greater detail. 

As has been already stated the centre line of the 
erected and aligned turbine shaft is to be used as the 
reference basis for centring the stator in respect to 
the hydropower unit centre line. In case the turbine 
shaft has not yet been erected, the centre line of the 
bore for the runner in the corresponding assembly 
is to be taken as the reference basis, depending on 
the turbine design. 
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BapnaHXbi ijeHxpHpoBaHHH no ycxaHOBJieHHOMy h oxijeH- 
TpHpoB aHHOMy no och h no BepxHKajiH Bajiy runpo- 
xypdHHbi. BapnaHXbi ijeHxpHpoBaHHH 6e3 Bana thapo- 
xypbHHbi mohcho noApodHO He paccMaxpHBaxB, orpaHH- 
hhbihhcb JiHHib npocMOxpoM 3CKH3a, npHBeACHHoro Ha 
pnc. 109, xan Kan xexHOJioriiH pabox npn 3 tom 6ynex 
aHajiornuHa xexHOJioraH AeiixpupoBaiiuH cxaxopa no 
ycxaHOBJieHHOMy xypfiHHHOMy Bajiy. 

OxHocHxejibHO och cxaxop AeHxpnpyiox nepeMeme- 
HHeM ero no ropn30HxajiH BMecxe c (JjyHAaMeHXHbiMH 
njinxaMH Ha napHbix kjihhbhx. Ilpn Oojibihhx nepeMe- 
meHHHX no ropH30Hxajin, KorAa axoMy npennxcxByiox 
mxpaSbi b cjjyHAaMeHxe, uixpabbi (hjih oxBepcxnn noA 
(JjyHAaMeHTHbie Gojixbi b njinxax) yBejiHHHBaiox cno- 
co6om, oimcaHHbiM b § 5-2 n.E. Ecjih axoro HeAO- 

CXaXOHHO, XO MOHCHO yBCJIHHHXB OXBepCTHH B HHHCHeM 
4)JiaHite cxaxopa, nepe3 Koxopbie cxaxop Kpennx k $yn- 
AaMeHTHbiM njrnxaM. Ho b sxom cnyuae hcoSxoahmo 
nepeuiTH(J)TOBaTb cxaxop k (JjyHAaMeHXHbiM njinxaM, 


Since in the majority of cases stators are aligned 
after the installation of the turbine runner and shaft, 
some procedures of alignment in respect to the turbine 
shaft installed and adjusted in the vertical and horizon¬ 
tal positions will be also described. A detailed descrip¬ 
tion of the stator centring without the turbine shaft 
may be eliminated, the idea being illustrated by the 
sketch shown on Fig. 109, as this procedure is similar 
to that of the stator alignment with the turbine shaft 
already installed. 

The stator is centred in respect to the centre line by 
shifting it horizontally, together with the foundation 
plates, on paired wedges. In case great horizontal 
displacements are required and block-outs in the concrete 
foundation interfere with this operation, these block- 
outs (or the foundation bolt holes in the foundation) 
are to be enlarged using the procedure described in 
Section 5-2, Subsection B. If this measure is insuf¬ 
ficient, the holes in the stator bottom flange through 
which the stator is fixed to the foundation plates may 



Phc. 109. BapnaHTbi ueHTpnpOBaHHH CTaTopa: 

a — ijeHTpHpoBamie no BTyjiKe poTopa npH noBopoTe Bana Ha 
noflnHTHHKc; 6HeHHe 3epKajia ithtbi npH 3tom ynte BbiBepeHO 
h Ban reHepaTopa npnu;eHxpnp ob aH k Bany Typ6HHbi; 6 — 
B;eHTp Hp ob a Hue * no erpyHe, noflBemeHHOH k cnenHajibnoH 
rpeHore; CTpyna coBMemeHa c octio OTneHTpnpoBaHHoro Typ- 
6nHHoro Bana; e — peHTpHpoBaHHe no CTpyHe, noflBemeHHOH 
na och nepeceneHKH AByx CTpyn ; cTpyHa coBMeinena c ocbio 
pacTOHKH KaMepbi pa6onero KOJieca; ^ — neiiTpi-ipoBaHHe c 
noMOiubio cnepnajibHoro noBopOTHoro npHcnocoSjieHHH, 6a3H- 
poBaHHoro na (Jwiamje omeHTpHpoBaHHoro Bana TypSnHbi; 
d — cxewa pacnonoJKeHHH ^oMKpaTOB npn ropH30HTanbHOM 
nepeMeipeHHH CTaTopa h npn HcnpaBneHHH HeKOHneHTpun- 
HOCTH 

1 — rifapoflOMKpaT; 2 — HHflHKaxop; 3 — bhhtoboh aom- 

KpaT 

I — niTHXMacc; IT — inraxMacc hjih pyneTKa c HararoM 
no AHHaMOMeTpy; III —np othbobsc 


Fig. 109. Versions of stator alignment : 

a — alignment to rotor hub while rotating the shaft on thrust 
bearing; the bearing runner has already been adjusted and the 
generator shaft aligned to the turbine shaft; 6 — alignment to 
piano wire suspended from special tripod; the wire is aligned 
with the axis of the centered turbine shaft ; c — alignment to 
the piano wire suspended from axis of intersection of two 
wires; the wire is aligned with the axis of the runner chamber 
bore; d — alignment with the help of a special turning device 
based on the shaft of the centered turbine shaft; e — layout 
of jacks during horizontal displacement of the stator and during 
correction of non-concentricity 
1 — hydraulic jack; 2 — dial gauge; 3 — screw jack 
I —pin gauge; II —pin gauge or tape tightened by dynamo¬ 
meter ; III —- counterweight 
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paccBepjiHB h pa3BepHyB cxapbie oxBepcxHH Ha 6 ojib- 
HIHH AHaMeTp HJIH IipOCBepJIHB HOBBie OXBepCXHH xaK, 
hxo6bi ijemp csepjia 6 biji HanpaBJieH no paateMy 
(jmamja CTaTopa c c^yH^aMeHTHOH iijihtoh. 

ITepeMemeHHe CTaTopa no ropH30HxajiH y HeflojiB- 
nmx rn,qporeHepaTopoB npoii3BOAHT c noMomBio Mexa- 
HnnecKHx AOMKpaTOB, a y KpynHbix n cpeAHHx rHApo- 
reHepaTopoB — c noMorqBio 25-, 50- n 100-xohhbix 
rH^paBjinnecKHX AOMKpaxoB. YAo6nee Bcero nepeMe- 
maxB CTaTop npn ycTaHOBKe AOMKpaxoB b mecxH paB- 
HOMepHo pacnojio>KeHm>ix no oi<py>KHocTH Tonnax 
(pHc, 109, a)* Ilpn 3tom c xoh cxopoHti, oxKyAa nepe- 
Meiqaexcn cxaxop, y cTaHaB jihb aioT rn^paBJinnecKHe aom- 
npaxbi, a co CTopoHbi, b KOTopyio ero nepeMeiqaiox, 
pacnnpaiOT MexamraecKne AOMKpaxbi, npenHxcxByio- 
mne ci<anKoo6pa3HOMy nepeMeiqeHmo CTaTopa. Mexa- 
HnnecKne AOMKpaTbi pacnnpaiOT Tan, uxo6bi 3a3op 
Me>K,ny nojinon CTaTopa n rojiOBKOH AOMKpaTa, bkjiio- 
nan n MepTBbie xoabi, 6biJi paBeH BejinnnHe xpeSye- 
Moro nepeivieinemiH CTaTopa b stom HanpaBJieHHH. 

BejinnnHbi nepeMenj;eHHH no co oxb excxBy ioiijhm ochm 
CT aTopa npoBepmoT no cpe actbom ycxaHaBJiHBaeMbix no 
3THM OCHM HH^HKaTOpOB. BeJIHHHHy HeoflxOAHMOrO 
riepeMeiqeHHH qeHxpa craTopa 3aAaiOT nocjie BbiBepKH 
pacnojio>KeHHH ocn pacxouKH aKXHBHOH CTajin cTaxopa 
OTHocHTejibHo ocn Bajia rnApoTypSnHbi. OnpeAeJieHne 
3 toh BejiHHHHbi, a TaK>i<e h OKonnaTejiLHyio npoBepny 
OTU;eHTpHp OB aHHOrO CTaTopa BbinOJIHHIOT OAHHM H3 
cnocoOoB H3MepeHHH, noKa3aHHbix Ha pnc. 109. BbiSop 
Toro hjih HHoro cnocoSa 3aBHCHT ot HajiHHHH xpeflye- 
Mbix RJin 3thx nejien npHcnocoOnemm h ot >KejiaHHH 
HcnojiHHTejiH. Boofiiqe H<e roBopn, Ka>KAbiH H 3 sthx 
cnocoSoB npn aKKy p axHOM othoihchhh Mo>Kex o6ecne- 
hhxb xpeSyeMyio xohhocxb qeHxpHpoBaHHH. 

TOHHOCXB neilTpnpOBaHHH ftOJDKHa yAOBJieXBOpHXB 
ycJiOBHHM, npn KOTopbix 3a3op MeHOKejie3Horo npo- 
CTpaHCTBa TH^poreHepaTopa He SyqeT HMexb oxkjio- 
HeHHH 6ojiee neM Ha ±10% ot cpeAHeapHcjmexHnec- 
Koro ^encTBHxejiLHo nojiynem-ioro 3a3opa. 

y cxaxopoB, coSpaHHbix H3 ox^ejibHbix ceraeiiTOB, 
oneHb nacxo aKXHBHan cTanb no BHyxpeHHeMy AnaMexpy 
HMeex 3JiJiHnciiocxL hjih ftpyryio Heonpe^eneimyio (J)op- 
My, npnneM oxkjiohchhh ox KOHqeHxpHUHocxH, nojiy- 
neiiiibie 3aMepaMH no BepxHeMy noncy pacxouKH, nan 
npaBHJio, He coBna^aiox c oxkjiohchhhmh , nojiynen- 
HbiMH no 3aMepaM HH>KHero nonca. HcnpaBHXB Henpa- 
BHJibHyio cJ)°pMy b ycjioBHHX MOHxa>Ka BectMa xpy^no 
(xoxh nacxHHHo 3xo h AeJiaexcn), xaK nan npn^axb 
cxporo KOHi^eHxpHHHyio cJxjpMy cxaxopy, cocxoHiqeMy 
H3 ox^ejibiibix cerMenxoB, BOoSiqe hcbo3mo>kho. He- 
np aBH JiLHy K) (J)opMy cxaxopa HcnpaBJiniOT npnjio- 
>KeHHeM paftHajibHo HanpaBJieHHbix pa3JinnHbix no 
BejiHHHHe ycHJiHH ox ycxaHOBJieHHbix Bonpyr nopnyca 
h onepxbix b 6exoH AOMKpaTOB (pnc. 109, a); aom- 
npaxbi ncejiaxejibHO ycxaHOBHXb h no BepxHeMy (jjjiaHqy 
cxaxopa. OopMa cxaxopa AOAHCHa 6bixb HcnpaBJieHa 
HacxojibKo, nxo6bi oxKjioiieime ero pacxonKH ox OKpy>K- 


be enlarged. In this case, however, the stator should 
be connected with pins to the foundation plates anew, 
for which purpose the old holes are to be drilled and 
reamed to increase their diameter or new holes are to 
be drilled with the centre line of the drill directed along 
the joint between the stator flange and the founda¬ 
tion plate. 

The stators of small generators are moved hori¬ 
zontally with the help of mechanical jacks and those 
of large generators, with the help of 25-ton, 50-ton 
and 100-ton hydraulic jacks. The most convenient 
way of shifting the stator is the use of jacks arranged 
at six points equally spaced over the circumference 
(Fig. 109, a). In the process, hydraulic jacks are to be 
installed on the side from which the stator is to be 
shifted, and on the side towards which the stator 
should be moved mechanical jacks are to be used 
as braces to prevent the jump-like displacements of 
the stator. The mechanical jacks are tensioned so that 
the clearance between the stator shoulder and the 
jack head (backlashes included) is equal to the required 
amount of the stator motion in this direction. 

The amount of the stator displacement along the 
respective axes is checked with the help of dial gauges 
installed along these axes. The required amount of the 
stator centre displacement is specified after checking 
the position of the stator active steel bore in respect 
to the turbine shaft centre line. The determination of 
this amount and the final check of the stator align¬ 
ment are performed, using one of the measurement 
procedures illustrated by Fig. 109. The choice of one 
or another method is dictated by appliances available 
for the purpose and by the erecting personnel will. 
Generally speaking, the desired accuracy of alignment 
can be provided by any of the described methods, 
provided all the operations are carried out in a pro¬ 
per manner. 

The alignment accuracy shall meet the requirement 
that the air gap between the generator stator and rotor 
cores does not deviate from the arithmetic mean of 
the actual obtained gap by more than ±10 per cent. 

Very often the inner diameter of the active steel 
of stators assembled of individual segments is not a 
precisely circular ring, the bore being elliptical or having 
an indefinite shape, and as a rule, the departures from 
the concentric shape, as measured on the upper belt 
of the bore, do not agree with the values measured 
on the lower belt. Correction of the irregular shape 
at the erection site is a complicated problem (although 
it is partially done) because in general it is impossible 
to shape the stator consisting of individual segments 
to a strictly concentric form. The irregular shape of 
the stator is corrected by applying radial forces, differ¬ 
ing in magnitude, from jacks arranged around the 
stator frame and thrusting against concrete (Fig. 109, 
a). It is also advisable to install jacks around the upper 
flange of the stator. The shape of the stator should 
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hocth He npeBbimano AonycxHMBix snaueHHH npn ocbo- 
6oH<A e HHBix AOMKpaxax h BpeMeHHBix pacnopnax. 

Hhkohm o6pa30M Hejii>3H CAaBaxb cxaxop noA 3a- 
jiHBKy flexoHOM c BpeMeiiHBiMH pacnopnaMH hjih pac- 
nepxbiMH AOMKpaxaMH, xai< kslk nocjie chhxhh pacnopoK 
CTaTop noA bosachctbhcm co3AaHHbix eMy HanpH>i<eHHH 
5yAex CXpeMHXbCH H3MeHHXB CBOK) 4>OpMy. 

Ecjih KOHcxpyKAHeH THAporeHepaxopa npeAycMOX- 
peHbi nocxoHHHbie pacnopKH (AOMKpaxbi) no BepxHeMy 
cjjjiaHAy cxaxopa, xo ohh aojbkhbi ocxaBaxBCH b pacnep- 
xom cocxohhhh. B sxom cjiynae HaAo yuHXbiBaxb, uxo 
cxaxop npn HarpeBe, ocodeHHo npn cymne ero Ha CBoeM 
(JjyHAaMeHxe, 3HauHxejiBHO yBeJiHUHBaexcn b A^aMexpe, 
h 6exoH, Ha Koxopbiii onnpaioxcH pacnopHbie aom- 
Kpaxbi, o 6 omhcxch. flosxoMy AOMKpaxbi cneAyex noA- 
xnrHBaxb npn ycxaHOBHBHieiicH onxHMajiBHOH 3Kcnjiya- 
xaitHOHHOH xeMnepaxype. PeryjiHpOBaxB Haxnr AOMKpa- 
xob bo Bcex cjiynanx hco 6 xoahmo c ycxaHOB jichhbimh k 
B epxHeMy cJjJianny cxaxopa hjih JianaM KpecxdBHHbi 
UieCXBIO HJIH BOCeMBK) paBHOMepHO pacnOJIOHCeHHbIMH 
no OI<py>KHOCXH HHAHKaXOpaMH, C XeM nxoflbl He CABH- 
Hyxb rHAporeHepaxop oxHOcnxejiBHo och arperaxa. 

B nponecce HadjiioAeHHH 3a no b eA^HHeM cxaxopOB 
bo BpeMH SKcnjiyaxanHH aBXop ycxaHOBHJi, nxo cxaxopbi 
3HaUHXeJIBHO H3MeHHK)X CBOK) (|)OpMy A a >K e H B XeX 
CJiynanx, KorAa nocjie ncnpaBJieHHH nepeA noAJiHBKOH 
OeXOHOM OHH SblJIH OCBOSoH^ACHbl OX npHJIOHCCHHH 
BHeniHHx ycHJiHH. 3x0, bhahmo, 06bHCHHexcH nepe- 
pacnpeAejieHHeM ocxaxonHbix BHyxpeHHHx HanpHHceHHH, 
nojiynaeMbix npn cBapne KopnycoB cxaxopoB, noxopyio, 
k concajieHHK), nan npaBHJio, npoH3BOAnx 6e3 nocjie- 
Ayioineii xepMOo6pa6oxKH. 

YnHXbiBaH H3JioH<eHHbie Bbime coo6pa>KeHHH, He 
cneAyex peKOMeH aob axB HcnpaBjieHHe (|)OpMbi cxaxopa 
BHeuiHHMH ycHJiHHMH, ecjiH ero HCKa>KeHHe He npe- 
Bbimaex nonycxHMbix no xexHHnecKHM ycjiOBHHM Ha 
MOHxa>K rHApoarperaxoB oxKJioHeHHH no B03AyniHOMy 
3a3opy. 

noA SexoHHpOBaHHe cxaxop Moncex flbixb cash 
nocjie oKOHnaxejiBHoro KpenjieHHH k cj)y ha aMeHXHbiM 
onopaM h OKOHnaxejiBHOH npoBepKH oahhm H3 noKa- 
3aHHbIX Ha pHC. 109 Cn0C060B. IIpH SXOM OXKJIOHeHHe 
ero och pacxonKH ox och arperaxa He a oji>kho npeBbi- 
maxb 5% BejiHHHHbi 3a3opa Me>K>Kejie3Horo npocxpaH- 
cxBa. Ocb pacxoHKH cxaxopa onpeACJiniox, hcxoah H3 
(jjaKXHnecKHx 3aMepoB no cxaxopy b inecxH hjih bocbmh 
ceneHHHx. 

IIpH AeiiTpHpoBaiiHH cxaxopa no nomocaM onymeH- 
Horo poxopa HaAo ynnxbiBaxL BeJiHHHHbi oxkjiohchhh 

OXAeJIBHbIX nOJIIOCOB OX OKpy>KHOCXH, KOIineilXpHUHOH c 
BajioM hjih BnyxpeHHefi pacxonKOH Ha poxope . B sxom cjiy- 
nae neHxp pacTomcn cxaxopa oKOHuaxeJiBHo npoBepniox 
npn noBOpoxe poxopa Ha noAnnxHHKe Ha 360°, 3aMe- 
pHH b 12—16 paAHa jibhbix ceneHHHx aKXHBHoii cxajin 
cxaxopa paccxoHHHe ox KaKoro-jra6o nojuoca ao BHyx- 
peHHeii pacxonKH cxaxopa. 3aMepbi neoOxoAHMO A^JiaTL 
OAHOBpeMeHHO no BepxHeMy h HH>KHeMy noncaM pacxon- 


be corrected so that the departures of its bore from 
the circular shape are not in excess of allowable values^ 
with jacks released and provisional struts installed. 

In no case shall the stator be released for concret¬ 
ing with provisional struts installed or jacks thrusted 
because after the removal of struts the stator will 
tend to change its shape under the effect of stresses 
resulting from bracing. 

In case the design calls for permanent struts (jacks) 
around the stator top flange, the struts or jacks are to 
be left in their stressed state. It should be taken into 
consideration in this case that the stator diameter 
becomes much larger under the effect of heating (espe¬ 
cially in case of drying it on its foundation) and the 
concrete against which the jacks are thrusting will be 
strained by the bearing stresses. That is why the 
jacks are to be adjusted at an optimum steady state 
operational temperature. Tensioning of the jacks is 
to be adjusted in all cases with six to eight dial gauges 
arranged at regular intervals along the stator circum¬ 
ference and placed on the stator upper flange or on 
the spider bracket feet, so as to prevent the displacement 
of the generator in respect to the hydropower unit 
centre line. 

While observing the behaviour of the stator in the 
course of operation, it was found out that the stators 
considerably change their shape even in case they 
have been relieved from external loads after the cor¬ 
rection of their shape prior to concrete placing. This 
may be evidently explained by re-distribution of resi¬ 
dual stresses resulting from welding the stator frames 
which is unfortunately carried out, as a rule, without 
subsequent thermal treatment. 

Taking the above into consideration it is not recom¬ 
mended to correct the stator shape applying external 
loads to it, if deviations from the circular shape are 
not in excess of allowable tolerances for the specified 
air gap. 

The stator may be released for concreting only 
after it is completely fastened to its foundation and 
appropriate checks are made by one of methods shown 
on Fig. 109. The offset between bore centre line and the 
power unit centre line should not exceed 5 per cent of 
the air gap value. The position of the stator bore centre 
line is determined on the basis of measurements made 
on the stator at six or eight sections. 

While aligning the stator in respect to the poles 
of a rotor installed, deviations of individual poles from 
the circumference concentric with the shaft or with 
the rotor inner bore should be taken into consideration 
In this case, the centre of the stator bore is finally 
checked by turning the rotor through 360° on the thrust 
bearing and measuring at 12 to 16 radial sections of 
the stator active steel the distance between the parti¬ 
cular pole and the stator inner bore. Measurements 
are to be made simultaneously on the upper and lower 
belts of the stator bore. Procedures of horizontal 
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kh craTOpa. CnocoSbi nepeMemeHHH cTaTopa no ropn- 
30HTaJin npH 3 tom aHaJiorHHHbi paccMOxpeHHbiM Bbirne. 

5-4. OBMOTKH CTATOPOB 
rHJ^POrEHEPATOPOB 

A. KOHCTPyiO^Iin OBMOTOK 

OSMOTKa craTopa rHAporeHepaTopa (ero arcraBHan 
tiaCTb) COCTOHT H3 MeAHbIX npoBO ahhkob , yjIOHCeHHBIX 
B na 3 bl aKTHBHOH CTaJlH, H H30JIHAHH, KOTOpOH BHTKH 
3THX npOBo ahhkob H30JiHpoBaHbi Apyr OT Apyra, a 
Tan>Ke ot cepAenHHKa h Kopnyca CTaTopa. H30Jinpyi0T 
3 JieMeHTapHbie np ob oahhkh Apyr ot APyra jxnn ymeHb- 
meHHH noTepb ot BuxpeBbix tokob. 

.Hjth yMeHtmeHHH noTepb ot AHpKyjiHAHOHHbix tokob 
ajieMeHTapHbie npoBO ahhkh , pacnonaraeMbie b na30B0H 
nacTH CTaTopa, nepenjieTaiOT Apyr c APyroM. Tanoe 
nepenneTeHHe cocraBJinion^HX cTep>KeHb npoBo ahhkob 
Ha3biBaeTCH TpaHcno3HijHeH. 

no HHCJiy pacnojiOHceHHH CTepnmeH b na3y aKTHBHOH 
CTajiH CTaTopa oSmotkh noApa3AeJinioT Ha AByxcjioHHyio 
h OAHOCJiOHHyio; OAHOCJiOHHaa b THAporeHepaTopocrpoe- 
hhh b HacToamee BpeMH npHMeHneTCa b CTaTopax Kan- 
cyjibHbix rHAporenepaTopoB c boahhbim oxna>KACHHeM. 

IIo HanpaBJieHHio npoxo>KAeHHH TOKa oSmotkh 
noApa 3 AeJiHK)T Ha nerneByio h BOJiHOByio. B nepBOM 
cjiynae npn odxoAe no cxeivie tok npoxoAHT no nerjiHM, 
a bo BTopoM — TOJiLKO BnepeA no 3Hr3araM (BOJiHaM). 

no KOHCTpyKTHBHOMy HcnojiHeHHio o6motkh nOA- 
pa 3 AeJiHK)T Ha KaTyxnenHyio h crepnaieByio. 

KaTyme^Haa oSMOTKa. CeKipiHM KaTymenHOH 
oSmotkh OKOHnaTejitHyio (J)opMy npHAaiOT ao yKJiaAKH 
b na3bi aKTHBHOH crajiH CTaTopa. KaTymenHan odMOTKa 
no cpaBHeHHio co ctop>khcboh TpedyeT hcckojibko 
M eHtmero oTHOCHTemHoro pacxoAa mcah h npome npn 
HcnojiHeHHH pacneTHOH cxeMbi. 

OAnaKo H3roTOBJieHHe ee 3HauHTejn>H0 cno>KHee: 
KpoMe Toro, 3aTpyAHHK>TCH MOHTanc b pa3beMHbix cra- 
Topax h 3aivieHa BbiHBJieHHbix npn SKcnjiyaTaijHH ac- 
(|)eKTHbix ceKipm. nocjieAHee 06 bHCHHeTCH tcm, hto 
npn yKJiaAKe KaTymeK b npoAecce MOHTa>Ka h peMOHTa 
Hy>KHO npoH3BOAHTb no a 'BeM qejioro mara, oTradan 
KaTyniKH CTaTopa H3 na30B nocjie HarpeBa hx ao tcm- 
nepaTypbi 85—90°C. HarpeB ocymecTBjiHiox o6bihho 
MeTOAOM noTepb b Me ah, noAaBan tok b oSmotky ot 
CBapoHHoro TpaHC(J>opMaTopa. K nncjiy HeAOCTaTKOB 
KaTymenHOH oSmotkh TaK>i<e cneAyeT othccth cpaBHH- 
TeJIBHO MeHbmyiO HaAOKHOCTL BHTKOBOH H30JIHAHH. 
KpoMe Toro, b KaiymenHOH oSmotkc HejiB3H npHMe- 
HHTb TepMop eaKTHBHy k> h30jihahio, He AonycKaiomyio 
AecfjopMaipm. 

Bee 3TH HeAOCTaTKH H nOCJiy>KHJIH npHHHHOH Toro, 
HTO 3aB0ABI npH H3TOTOBJieHHH KpynHbIX THAporeHe- 
paTopoB He CTajiH npHMeHHTB KaTymeuHyio o6MOTKy, 
a nepenuiH Ha crepHmeByio. 

CTepHCHesaH odMOTKa. CTep>KHeBan odMOTKa 
COCTOHT H3 OTACJlbHblX nOJiyKaTynieK, KOHAbI KOTOpbIX 

no onpeAejieHHOH cxeMe coeAHHeHbi Me>KAy co6oh npH 


movement of the stator are similar to those described 
above. 

5-4. STATOR WINDINGS 

A. DESIGN FEATURES 

The stator winding of a hydrogenerator (its magnetic 
circuit) is composed of copper conductors accommo¬ 
dated in the slots of the stator core, turn-to-turn 
insulation and ground insulation. The strands are 
insulated to reduce eddy current losses. 

The strands located in the slot portions are inter¬ 
woven to reduce losses due to circuital currents. Such 
interwining of the strands constituting a conductor is 
termed transposition. 

According to the number of conductors per slot, 
the stator windings are subdivided into single-layer 
and two-layer windings. At present the single-layer 
winding finds application in water-cooled stators of 
bulb units. 

From the stand-point of current direction, the 
windings are classified as lap and wave windings. In 
the former, the current passes through the circuit 
over loops. In the latter, the current moves in a zig¬ 
zag forward direction (wave). 

According to construction, the windings are sub¬ 
divided into diamond type and bar type. 

The diamond winding. The coils of the diamond 
winding are performed prior to placing them into the 
slots of the stator core. As compared to the bar winding, 
the diamond winding requires a relatively smaller 
amount of copper and it is easier to set up a design 
circuit. 

However, it is more difficult to manufacture. Be¬ 
sides, difficulties are experienced in winding assembly 
at the stator splits and in the replacement of faulty 
coils. The latter is explained by the fact that in placing 
the coils in the slots during winding assembly or repairs, 
the full pitch has to be lifted by bending back the stator 
coils after heating them up to 85—90°C. They are usually 
heated by the copper loss method applying current to 
the winding from a welding transformer. Another 
weak point of the diamond winding is a lower reliability 
of the turn-to-turn insulation. Besides, thermosetting 
insulation which does not withstand deformations, 
cannot be used for the diamond winding. 

All these disadvantages were the reasons why 
manufacturers of large hydrogenerators rejected dia¬ 
mond windings in favour of bar windings. 
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noMomH naiiKH nocne yKJiaAKH hx b na3bi aKTHBHOH 
CTajiH cTaropa. Kansan Tanan nojiyKaTyuiKa npeACTaB- 
jmeT cobofi npHMOJiHHeHHbiH crepnceHB c 3arHyTbiMH b 
nojiyAY r H kohuamh . 

CepAACBHHy CTep>i<im CTaTopoB c B03AyiiiHbiM 
oxna>KAeHHeM oGmotkh neJiaiOT H3 nabopa nonocoBOH 
MeAH cTaHAapraoro cenemiH, a ajih CTaTopoB c boah- 
hmm 0 XJia>KAeHHeM oSmotkh — H3 nonocoBOH h Tpyb- 
tiaxoH MeAH TaK, hto b oahom erepnaie Me>i<Ay npoBOA- 
HHKaMH H3 nonocoBOH mcah pacnojiaraiOTCH npoBOAHHKH 
H 3 MeAHbix TpyboK npHMoyrojibHoro ceneHHH. Hajinune 
TpybuaToii mcah b cepAACBHHe no3BOJineT ocymecTBHTb 
AHpKyJiHAHio no 3aMKHyTOMy ijHKJiy oxjia^KAaioiAeH 
AHCTHJIJIHpOBaHHOH BOABI no OTACJIbHblM sjieMeHTap- 
HbiM np oboahhk3m, uto obecneHHBaeT Sojiee hhtch- 
CHBHoe oxjia>KAeHHe o6motkh. Oxjia>KAeHHe oSmotkh 
boaoh, npoxoAninen nepe3 BHeniHHe oxjiaAHTejin, 
no 3 BOJineT npHMepHo b Tpn pa3a noBbimaTb nnoTHocTb 
TOKa b Hen, a cjieAOBaTejibHo, b Tpn pa3a cHnncaTb 
yAeJibHbie 3aTpaTbi mcah. 

CneAyeT 3aMeTHTb, hto obMOTKa c boahhbim oxiia>K- 
AeHHeM, xoth h nepcneKTHBHa, ho nona HaxoAHT ce6e 
orpaHHneHHoe npHMeHeime H3-3a MeHbineH ee HaAe>K- 
hocth b 3KcnjiyaTaAHH no npHnnnaM noHBJieHHH npoTe- 
ne k b Mecrax coeAHHeHHH BOAonoABOAHiqHx ajieMeHTos. 
KpoMe Toro, OHa cjio>KHee b hstotobjichhh, MOHTance 
h xpebyeT bojibmero k cebe BHHMaHHH npn SKcnjiya- 

TaAHH. 

IIpHMeHHeMan b rHAporeHepaTopax CTepncHeBan 
BOJiHOBan AByxcjiOHHan Tpex(Jia3HaH obMOTKa obbinHo 
HMeeT b KancAOH 4>a3e ot AByx ao neTbipex napajuiejib- 
HblX BeTBeH. 

Bbi6op cxeM pacnojio>KeHHH napajiJlejibHbix BeTBeii 
— oahh H3 cepbe3Hbix BonpocoB, OKa3biBaioiAHx 6ojib- 
moe BJiHHHHe Ha MexaminecKne CBOHCTBa rHAporeHe- 
paTopoB. Ecjih pacnojio>KeHHe napajuiejitHbix BeTBefi 
b obMOTKe CTaTopa enpoeKTHp ob aHo HenpaBHJibHo, to 
o6oa poTopa npn paboTe byAeT nepeMeinaTbca no 
CBoeMy ocTOBy. Tlpn chmmctphhhom pacnojiOHceHHH 
napajuiejitHbix BeTBen Bee oTAenbHbie MarHHTHbie Heba- 
jiaHCbi ypaBHOBeniHBaioTCH, T:e. kslk bbi bajiancn- 
pyioTcn b cyMMe. 

H30jihahh oGmotkh. B THAporeHepaTopax npe>K- 
HHX KOHCTpyKAHH H HeKOTOpbIX COBp eMeHHbIX obMOTKy 
CTaTOpOB obbIHHO nOKpbIBaiOT KOMnay HAHp OB 3HH0H 
H30Jimi;HeH Kjiacca B. Hhcjio cnoeB h3ojihahh CTep>i<- 
Heii onpeAejiaiOT b 3aBHCHM0CTH ot npUMenneMoro 
Hanpn>KeHHH b obMOTKe CTaTopa, 

H30JIHpyi0T CTepHCHH, KaK npaBHJIO, MHKaJieHTOH 
HJIH CTeKJIOMHKaJieHTOH C HeOAHOKp aTHOH CyiHKOH nOA 
b anyy mom h neo ahokp aTHbiM KOMnayHAHpoBaHHeM, npn 
kotopom Bee nopbi Me>KAy cjiohmh hsojihahh h Me>KAy 
MeAHbIMH npOBOAHHKaMH H H30JIHAHCH 3anOJIHHK)TCH 
H30JiHpyioiAHM jiaKOM. TaKOH cnocob H30 jihahh AOJiaex 
H30jmpyioiAHH cjioh MeHee rHrpocKonnnHbiM h npHAaeT 
eMy bonee paBHOMepHyio 3JieKTpHnecKyio nponHocTt. 

IloCJie H30JIHp0BKH H KOMnayHAHpOBaHHH noBepx- 
HOCTb H30JIHAHH CTepJKHH B na30B0H HaCTH nOKpbIBaiOT 


The bar winding. The bar winding consists of sepa¬ 
rate semi-coils with their leads interconnected by 
brazing in a definite design configuration after placing 
them in the core slots. Each semi-coil is a straight 
bar with bow-shaped ends. 

The bars air-cooled stators are built up of standard- 
section copper strips. For water-cooled stators, the 
bars are made up of copper strips and copper tubes 
so that tubular copper strands of a rectangular section 
are located between strip copper strands. Copper tubes 
provided in the bar core enable distilled water to circu¬ 
late through the strand conductors over a closed circuit, 
which ensures more intensive cooling of the winding. 
Cooling of the winding by water passing through 
outside coolers permits the current density in the 
winding to be increased as much as three times and, 
hence, the specific consumption of copper is three 
times as low. 

It has to be noted that though the water-cooled 
winding is rather promising, it finds at present a limi¬ 
ted application because of its lower reliability in service 
due to leakage development at the joints of water 
conveying fittings. Besides, it is more difficult to 
manufacture and install and requires more care in 
service. 

The two-layer, bar-type wave three-phase winding 
employed in hydrogenerators, usually has from two to 
four parallel paths per phase. 

Selection of the parallel paths configuration is 
one of essential factors producing a great effect on 
the mechanical properties of hydrogenerators. If the 
arrangement of parallel paths is designed in a wrong 
way, the rotor rim will move over the spider in opera¬ 
tion. With the parallel paths arranged symmetrically, 
all separate magnetic unbalances are equalized, Le., 
as though they were balanced. 

Winding insulation. Hydrogenerators of older ma¬ 
kes and some present-day generators have windings 
with compound Class B insulation. The number of 
insulation layers to be applied to the bars depends on 
the rated voltage expected across the stator win¬ 
ding. 

The bars are usually insulated with mica tape or 
fibre glass mica tape with repeated vacuum treatment 
and repeated compounding in which all interstices 
between the insulation layers and between the copper 
strands and the insulation are filled with insulating 
varnish. Such a method of insulating makes the insula¬ 
tion less absorbent and gives it a more uniform electric 
strength. 
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acSecTOBOH nojiynpoBOflHmefi jichtoh tojiibkhoh 0,5 mm, 
a Ha jioBoboh nacTH — riojiynpOB OA^m™ jiaKOM c 
coA^pHcaHHeM ca>KH. Tanoe npoTHBOKOp ohhp yiomee 
noKpbiTHe 3amHmaer h30JIHAHK) ot bo 3 AGhctbhh Ha Hee 
KHCTeBOrO pa3pHAa KOpOHBI. JIoSOByK) HaCTb IIOKpbl- 
BaiOT Tan, hto 6 bi rpaHHAa noKpbiTHH Ha 120—170 mm 
H e AOxoAHJia ao CTbiKa c H30JiHAHeii hoOoboh Haem 
oSmotkh, HaKJiaAbiBaeMOH nocne naHKH nojiyKaTymeK. 

Ha 3 to BectMa Baxoioe oSctohtcjibctbo cjieAyeT 
oOpamaTb cepbe3Hoe BHHMaHHe npH MOHTaxce craxopoB, 
Tan nan HeBbiHBJieHHoe h HeyAaJieHHoe nporaBOKopo- 
HHpyioiAee noKpbiTHe Ha rpaHHAax c H30JiHijHeH, 
HaKJiaAbiBaeMoii bo BpeMH MOHTaxca exaxopa, npuBeA^T 
k MaccoBbiM npoOoHM rojiOBOK oOmotkh craTopa no 
CTblKOBBIM IIJIOCKOCTHM 3aBOACKOH H MOHXa>I<HOH H30- 
JIHIJHH. 

KoMnayHAHpoBaHHan h30Jihh;hh Ha SnTyMHbix cbh~ 
3 yiOIAHX MO>KeT 6bITb Ha3B3Ha TepMOnJiaCTHHHOH, Tan 
KaK 0Ha xopoino pa3MHruaeTCH npH Harp eB aHHH h 
MOHceT noABepraTbcn HeKOTOpoMy Ac^opM^P 063111110 
npH noAroHKe bo BpeMH yicnaAKH ee b na3bi CTaTopa 
6 e3 yxyAUieHHH H30JIHAH0HHBIX CBOHCTB. KpOMe Toro, 
oHa npn HarpeBe bo BpeMH 3KcnjiyaTaijHH hcckojibko 
pa36yxaeT h TeM caMbiM xopoino ynnoTHHeTCH b na3ax 
ctaTopa, npenHTCTByn pa3pyuieHnio ot na30Bbix pa3- 
Phaob. 

3a nocjieAHee BpeMH b KpynHbix rHAporeHepaTopax 
oSmotkh b na30B0n h jio 6 oboh nacTHx H30Jinpyi0TCH 
CTeKJIOCJIIOA^HHTOBOH JieHTOH, npOnHTbIBaiOTCH TepMO- 
peaKTHBHbiM KOMnayHAOM Ha ocHOBe nojiH3(j)HpHbix h 
anoKCHAHbix cmoji h BbinenaiOTCH b npecc-cJjopAiax, 
H30JIHAHH Ha 3 toh ocHOBe HMeeT noBbimeHHyio Mexa- 
HHnecKyio h 3JieKTpnnecKyio npouHocTB h Sojitinyio 
TennoByio ctohkoctb. 

Tanyio TepMOpeaKTHBHyio h30jihahio, nMeiouiyio 
Sojibinyio MexaHnnecKyio h sjieKTpnnecKyio ripouHocxt, 
a TaKHce MeHbinyio xenjionpoBOAHoexB, CTajin npHMe- 
hhtb HauiH 3aBOABi 5 H3roTaBJiHBaioiAHe rHAporeHepa- 
TOpblj BbITeCHHH H3 npOH3BOACTBa TepMonjiacTHUHyio 
H30JIHIJHK). 

OAHaKO HapHAy c riojio>KHTejiBHbiMH KauecTBaMH 
TepMOpeaKTHBHOH H30JIHAHH y Hee HMeiOTCH TaKHCe H 
HeKOTOpbie OTpHijaTejibHbie. OHa npH HarpeBaHHH npan- 
THnecKH He pa3MHrnaeTCH, b cmiy nero crepxceHB 06 - 
motkh He MO>neT 6 bitb Ae^opMupoBaH, HTO He H03B0- 
jineT yKJiaABiBaTb b na3bi ofiMOXKy, H3roTOBJieHHyio 
Aa>ne c HeOojiBinHMH otkjiohchhhmh ot npoeKTa. KpOMe 
Toro, npn pa6oxe reHepaTopa Tanan hsojihiihh He HMeeT 
HeoOxoAHMoro oObeMHoro pacnmpennH, KOTOpoe o6ec- 
nenHBaAO 6bi 6ojiee nnoTHoe npnjieraHne oOmotkh k 
noB&pxHO cth na3a, hto npn HeAOcraTOHHO njioTHOM 
KpenjieHHH ee b na3ax npHBOAHT k np e>K a^b p eMeHHOMy 
pa3pyineHHio hsojihahh ot na30Bbix pa3pHAOB. 

TTtth yMeHbineHHH pa3pymaioiAnx A^ctbhh na30- 
bmx; pa3pHA0B xai<an obMOxrca A 0JI>KHa ynJiaABiBaTBCH 
b na3bi, noKpbiTbie nojiynpOBOAnmHM jiaKOM, h A° CTa_ 
TOHHO nJIOTHO ynJIOTHHTbCH B Ha3aX npOKJiaAKaMH, 
npOnHTaHHblMH T3KHM >Ke JiaKOM. 


After insulating and compounding, the slot portion 
of the bar is coated with 0.5 mm thick asbestos semi¬ 
conducting tape. The end portions are coated with 
soot-containing semi-conducting varnish. Such a corona- 
proof coating protects the insulation from brush corona 
discharges. The end portions are coated that the coating 
is 120—170 mm short of the joint with the end winding 
insulation which is applied after brazing the semi¬ 
coils. 

This is a rather important fact that should be 
given particular attention in assembly of the stators 
because an undetected corona-proof coating which 
was not removed from the boundary with the insulation 
placed in the field will cause numerous failures of the 
coil heads at the joint between the shop and field 
insulation. 

The bitumen-bonded compound insulation can be 
termed thermoplastic insulation because it softens 
well by heating and it can be subjected to some adjust¬ 
ment of the shape to fit well when placing the winding 
in the stator slots without impairing the insulating 
properties. Besides, it swells to a certain extent due to 
heating in operation and tightens up in the slots thus 
eliminating its deterioration by slot discharges. 

Recently, the slot and end portions of the windings 
on large-size generators have been insulated with a 
fibre glass mica tape impregnated with polyester or 
expoxy-based thermosetting compounds and baked up 
in press moulds. Such an insulation has improved 
mechanical and electrical strength and high thermal 
resistance. 

The USSR manufacturers of hydrogenerators, star¬ 
ted to employ such a thermosetting insulation noted 
for high mechanical and electric strength and low 
thermal conduction, ousting the thermoplastic insula¬ 
tion from production.' 

Along with positive properties, however, thermo¬ 
setting insulation has also some shortcomings. The 
insulation is not softened by heating and the winding 
bar cannot be shaped to fit a winding in a slot if it 
has been fabricated with some deviations from the 
design. Besides, while the generator is running, such 
insulation, possessing no volumetric expansion, will 
not ensure tight fit of the winding within the slot, and 
in case of inadequately tight fixation in the slot a 
premature deterioration of the insulation by discharges 
will result. 

To reduce deteriorating effect of slot discharges, 
such a winding must be placed in slots coated with 
semi-conducting varnish and packed with gaskets im¬ 
pregnated with the same varnish. 
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i;, yjCJIAMKA CTATOPHOH 
rUPMOIlJlACTHMHOtt OBMOTKH 
CTEPMCHEBOrO TIHIA 

Ecjih CTaTOp THAporeHepaTopa coctoht H3 otacjib- 
HBIX CerMeHTOB, TO 3aJI0>KHTB BCIO ofiMOTKy B Iia3BI 
aKTHBHOH CTajiH CTaTopa Ha 3aBOAe He npeACTaBJineTCH 
B03M0>KHbIM. 3 t 0 ofiyCJIOBJIHBaeTCH TeM, HTO ofiMOTKa, 
cTepHCHeBan hjih b BHAe ijejibix KaTymen, HMeeT Tanyio 
cxeMy, H3-3a Koxopoft OHa He Mo>KeT 6 hitb yjio>Kena b 
na3bi, npHJiejKaiime k cTbinaM ceKTopoB CTaTopa, ao 
coeAHHeHHH nocjieAHHX b kojimjo. B oth na3bi ofiMOTKy 
y kJ ia ae*ib aiOT Ha Meere MOHTanm craTopa, Ha cfioponHOH 
miomaAKe hjih Henocp cactbchho Ha ero (JjyHAaMeHTe. 

KojnraecTBo yKJiaABiBaeMOH Ha MOHTance oGmotkh 
B HHHCHHe H BepXHHe pHAbl obyCJIOBJIHBaeTCH npHHHTOH 
cxeMOH o 6 motkh. Tan, npn CTepncHeBOM THne bojihoboh 
oSmotkh c hhcjiom na30B b CTaTope, paBHbiM 684, c 
AByMH napaJuiejiBHbiMH bctbhmh h rnaroM oSmotkh, no 
na3aM 1—9—15 b moiame phabi Ka>i<Aoro CTbiKa 
3aKJiaAi>iBaK)T no 10 CTepHCHefi h b BepxHne phabi no 
26 crep>KHeH, a Bcero no BceM rnecTH CTbinaM 60 hhhc- 
HHX CTep>KHeH H 156 BepXHHX. 

IlepeA yKJiaAKofi oSmotkh Jiiofioro THna cjieAyeT 
TinaTejiBHO noAroTOBHTB paSonee Mecro, Tan nan Tpe6o- 
BaHHH K TOHHOCTH BbinOJIHeHHH TeXHOJIOrHHeCKOrO npo- 
Aecca h nanecTBy oSmotouhbix pa6oT oneHB bbicokh, 
nocKOJibKy pojiB oSmotkh b nponecce 3KcnjiyaTan;HH 
rHAporenepaTopa BecBMa OTBeTCTBeHHa. MajieHmne 
OTKJIOHeHHH OT TeXHOJIOrHH MOryT 3aMeTHO CHH3HTB 
noKa3aTejiH sjieKTpHuecKOH nponnocTH hsojihahh o 6 mot- 
kh, a b nocjieAyioiAeM npHBecra k aBapHH Ha rHApore- 
HepaTope h Aance k noncapy. 

OpraHH3aijHH paSonero MecTa oSmothhkob oSbiuho 
H aHHHaeTCH c yCTaHOBKH npOTHB CTBIKOB nOABeCHBIX 


B. PLACING THE THERMOPLASTIC BAR 
STATOR WINDING 

If the stator is of a split construction, the generator 
armature cannot be wound completely in the shop. 
This is dictated by the fact that because of its winding 
configuration the winding (both bar and diamond type) 
cannot be placed in the slots adjoining the stator 
splits before the stator sections are assembled in a 
ring. The winding is placed in these slots in the field, 
on an assembly floor or after installing the stator in 
its final position. 

The number of coils to be field-placed in the lower 
and upper rows is dictated by the adopted winding 
configuration. For instance, in a bar type wave wind¬ 
ing wit4 684 stator slots, two parallel paths, and 
1—9—15 winding pitch, 10 bars are placed in the lower 
rows of each split and 26 bars in the upper rows of 
each split. In all, 60 lower row bars and 156 upper 
row bars are placed in 6 splits. 

Prior to placing the winding of any type — the 
winder’s working place should be carefully prepared 
because the requirements for accuracy of procedure 
execution and winding workmanship are very stringent 
since the role of the winding in the generator operation 
is rather critical. Slightest deviations from the specified 
procedure may degrade electric strength of the winding 
insulation and bring on failure of the generator or 
even fire. 



Phc. 110. npraepHan cxeiwa pa6o^ero Aiecra 
oSmcothkob : 

1 — xepMOCTaT fljia noMorpeBa oSmotkh; 2 — hhbch- 
TapHtie no amo cth ; 3 — hhctp yiweHTa jibho -Maxe pnaju>HbiH 
niKatJj; 4 — csapoHHbie TpaHccfropMaTopbi ; 5 — ctoji p,sm 
3arOTOBKH H30JIHHHH 


Fig. 110. Approximate scheme of winders’ 
working places: 

1 — thermostat for heating the winding; 2 — stationary 
scaffold; 3 — tool locker; 4 — welding transformers; 
5 — table for preparation of insulation 
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hjih 3aKpenjiHeMtix k (JiyHAaMeHTaM cneimajibHbix jiio- 
Jien, 3aKpbiTbix c 6okob h CBepxy 6pe3eHTOM h HMeio- 
mux njioTHbm ^omaTbiH Hacraji. JIiojibkh ofiecnemi- 
BaiOT Heo6xoAHMyio 3amHTy cTbiKa craTopa ot nona- 
AaHHH TyAa BJiarn, Mycopa h hbijih, KOTopbie Bpe^HO 
bjihhiot Ha KanecTBo o6motouhbix pa6ox. KpoMe Toro, 
3 a cner BHenmux hctohhhkob Teiuia, noABOAHMoro bo 
BHyTpB JIIOJIBKH 5 TaM C03^aeTCH Mecraan IIOJIO>KHTejIB- 
Haa TeMnepaTypa, no^^epHCHBaTB KOTopyio coBepnieHHo 
HeoSxo^HMO bo Bee BpeMH npoH3BO,n;cTBa oGmotohhbix 
pa6oT Ha CTbine. IIomhmo 9Toro, ^jih noAorpeBa ynjia- 
AbiBaeMOH b na3bi CTaTopa oSmotkh HenocpeACTBeHHo 
y paSonero MecTa oflopyAyiOT cneijHajiBHbiH TepMO- 
CTaT, KOTOpbiH npeACTaBJiaeT co6oh Htejie3HbiH hiahk 
c BHyTpeHHeii Tenji0H30jiHijHeH h 3JieKTpoHarpeBaTejib- 
HbiM npnGopoM b BH^e sjieKTponenKH hjih Apyrax Ten- 
jiOBbix npnSopoB. PaSouee Mecro, noAroTOBJieHHoe ajih 
oGMOTOHHbix paSoT, noKa3aHo Ha pnc. 110 (npHMepHaa 
cxeMa). # 

Ilocjie npoBeAeHHH 3thx pafloT, a TaKHce noAroTOBKH 
HeoSxoAHMoro HHCTpyMeHTa h npHcnocofljieHHH mojkho 
npHCTynHTb k yKJiaAKe oSmotkh b na 3 bi craTopa, npeA- 
BapHTejibHO noAroTOBHB hx. IIoAroTOBKa na30B b 
OCHOBHOM CBOAHTCH K HX OHHCTKe OT rpH 3 H H IlblJIH, 
h b nepByio onepeAi* k 3anHJiOBKe HanHJiBHHKom 3 ay- 
ceHijeB h BbiCTynaioiijiHx 3 a rpaHH na3a HiTaMnoBaHHbix 
cerMeHTOB aKTHBHOH CTajiH CTaTopa. CjieAyeT TBepAo 
noMHHTb, hto HecHHTbie 3ayceHijbi h He3anHJieHHbie 
BbicxynaioiAHe jihctbi CTajiH Ha 3aBOAe h nponymeHHbie 
b AaJibHeHiiieM Ha MOHTa>Ke MoryT noBpeAHTB H30JIH- 
Ahio CTep>KHeH npn hx yKJiaAKe b na3bi, hto npHBeACT 
k npoSoK) oGmotkh CTaTopa. B to >Ke BpeMH 3 aumnaTb 
HaAO oneHB octopo>kho, hto6bi He yxyAiHHTB mokjihcto- 
ByK) H30JIHAHK) CepASHHHKa 3 HTO npHBCAeT K MeCTHbIM 
HarpeBaM ero b npoijecce 9KcnjiyaTaijHH reHepaTopa. 
Ilocjie 3 aHHCTKH na30B HanHJiBHHKaMH h yAajieHHH co 
CTeHOK MeTaJiJiHHecKOH CTpy>KKH h nbuiH Ka>KABiH nas 
HeoSxoAHMO HaTepeTB tohkhm cjioeM cneimajubHoro 
cocraBa, Ha3biBaeMoro MHKaMbiJioM. IIa 3 bi cunraiOTC h 
noAroTOBJieHHbiMH k yKJiaAKe b hhx oSmotkh, KorAa 
TeMnepaTypa aKTHBHOH CTajiH CTaTopa no na3y SyAeT 
He HHHce +3°C. 

y^HTBIBaH, HTO oSMOTKa CTaTOpOB B nOAaBJIHIOmeM 
SojibiHHHCTBe ra Ap oreHepaTopoB AeJiaeTCH CTep>KHe- 
boh 3 paccMOTpHM yKjiaAKy oSmotkh tojibko SToro THna. 

OAHOBpeMeHHO c noAroTOBKOH ctbikob noAroTaB- 
jiHBaiOT y k Jia abib aeMBie b na3bi craTopa hhhchhc crepHC- 
hh oSmotkh: noABepraiOT BH3yajiBH0My ocMOTpy hx 
H30JIHAHI0 h OHHmaiOT KOHijbi, noAJie>Kaiime naiiKe. 
JJjih Toro, HToSbi h30jihb;hh cTep>KHH 6biJia flojiee 
ajiacTHHHOH h He pa3pymajiacB npn MexaHHueci-cHx bo3- 
AeiicTBHHX Ha CTepHceHB, KOTopbie HeH36e>KHbi npn 
yKJiaAKe b na3, crep>KHH nepeA yKJiaAKOH noABepraiOT 
Harpesy. Harpee hx, KaK ynce ynoMHHajiocB paHee, 
oflbIHHO npOH3BOAHT B CneiJHaJIbHOM TepMOCTaTe^ HMeiO- 
me m BHyTpH TeMnepaTypy 110 — 115°C. CaMH nee crep>K- 


Organization of the winder’s working place starts 
with the installation of suspended or foundation- 
mounted cradles opposite the split joints. The cradles 
must be enclosed from top and side with canvass and 
have a flooring built up of closely joined planks. The 
cradle provides adequate protection of the split joint 
from moisture, debris and dust which have adverse 
effect on the winding workmanship. 

Besides, heat supplied from external sources into 
the cradle creates local positive temperatures which 
must be maintained during winding operations on the 
split joints. Apart from that, to heat up the winding 
to be placed into slots, a special thermostat is set up 
at the working place. The thermostat consists of an 
iron clad box with inner lagging and an electric heating 
device, such as, an electric oven or some other heating 
devices. The working place made ready for winding 
operations is shown in Fig. 110 (approximate arran¬ 
gement). 

These operations completed and the required tools 
and accessories made ready, one can get to placing 
the winding into slots, having them prepared beforehand. 
Preparation of slots mainly consists in cleaning them 
from dirt and dust and primarily in filing off burrs and 
core stampings sticking out from the slot faces. It 
must be borne in mind that burrs and protruding lami¬ 
nations that have not been filed off in the shop and 
in the field, may cause damage to the coil insulation 
when placing the bars in slots, which will result in 
breakdown of the stator winding. At the same time, 
filing should be conducted with a great care to avoid 
deterioration of the interlaminar insulation which will 
result in local heating of the core during the generator 
operation. 

On filing off the slots and removing metal chips 
and dust from the slot walls, each slot must be coated 
with a layer of a special compound (mica soap). The 
slots may be considered ready for receiving the winding, 
when the core temperature in the slot is not lower 
than +3°C. 

Since most hydrogenerators are equipped with a 
bar stator winding, we are going to discuss only plac¬ 
ing the winding of this type. 

Along with the preparation of slots, the lower 
winding bars are also made ready for placing in the 
slots. To this end, their insulation is inspected visually 
and the ends to be brazed are cleaned. Prior to placing 
in the slots, the bars are heated up to render their 
insulation more elastic and resistant to mechanical 
actions which are unavoidable in the procedure. As 
mentioned above, the bars are heated in a special 
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hh HarpeBaiOT ao TeMnepaTypbi 90—100°C, 3aMepeHHoii 
Ha noBepxHOCTH h30jihahh. Tanyio TeMnepaTypy crep- 
>KeHB AOJiHceH nojiyuHTb 3 a 1—2 u naxomnemm ero b 
T epMOcraTe b 3 aBHCHMOCTH ot ero nepBOHanajiBHOH 
TeMnepaTypbi. MeM HHHce TeMnepaTypa crep>KHH ao 
H arpesa, TeM dojiBine BpeMeHH oh aojbkch HaxoAHTBCH 
b TepMO CTaTe, utoShi He 6buio pe3Koro npnpocTa 
TeMnepaTypbi. 

B 3 aBHCHMOCTH OT BpeMeHH H3X0>KA0HHH B TepMO- 
craTe h CKopocTH yKJiaAKH b na3bi CTepncHH 3aKJiaAbi- 
BaiOT B TepMOCTaT HeSoJIBIHHMH napTHHMH. B na3bl 
aKTHBHOH CTajiH CTbIKOB CTaTOpa 3aKJiaAbIBaiOT BHa- 
najie Bee hhhchhc, a 3aTeM BepxHHe crep>KHH. Hsojih- 
Ahio hhhchhx crep>KHeH ot KOpnyca nocjie yKJiaAKH B 
na3bi noABepraiOT ncnbiTaHHio Ha 3JieKTpHuecKyio 
npOHHOCTB no HOpMaM, npHB eACHHbIM B Tafljl. 9. 


thermostat having an inner temperature of 110—115°C, 
The bars are heated up to 90—100°C as measured at 
the insulation surface. The bar must attain such a 
temperature in 1 or 2 hours after putting it in the 
thermostat, depending on its initial temperature. The 
lower the bar temperature before heating, the longer 
should it stay in the thermostat to avoid a sharp tem¬ 
perature rise. 

Depending on the time of exposure to the thermostat 
and the rate of placement in the slots, the bars are 
put in the thermostat in small batches. First all the 
lower bars are placed in the slots and next, the upper 
bars. The ground insulation of the lower bars, after 
the latter are placed in the slots, must be given a high- 
voltage test as specified in Table 9. 


Ta6 JiHna 9 


B.tUimHHbl HCnixITATEJILBBlX HAIIFHML-HHK )\J\H CTATOFHOH OfiMOTKM 


’ 

Bufl HcnbiTaiiHH 

HcnbiTaTejibHoe HanpH>KeHHC (kB) reHepaTopoB moiiiho- 

CTbio 1000 kBA h 6oJiee npif HOMHHajibHOM Hanpn>KeHnH, kB 


6,3 

10,5 

| 13,8 

| 15,75 

| 18,0 

HcnbixaHHe totobbix CTep>KHeH ao yKJiaAKH b cxaTOp 

24 

35 

45 

51 

57 

HcnbixaHHe yjio>KeHHbix b ceKxop cxepHCHen HHHCHero pHAa Ha 3aB0Ae-H3ro- 

xoBHxejie 

21 

32 

40 

45 

51 

HcnbixaHne nocjie yKJiaAKH b ceKxop BepxHHx cxepjKHeii cobmcctho co cTepHC- 

hhmh HHHCHero pHAa Ao 3anaiiKH 

19 

29,5 

38,5 

43,5 

49 

HcnbiTaHne toxobbix ceKXOpOB Ha 3aBOAe 6e3 cxbiKOBbix cxep>KHeH 

18 

27 

35,5 

40 

45 

HcnbixaHne Ha Mecxe ycxaHOBKH yjio>KeHHbix b CTaxop cxbiKOBbix cxepJKHeH 

HHJKHero pHfla, He coeAHHeHHbix c ocxajibHoii o6moxkoh 

19 

29,5 

38,5 

43,5 

49 

HcnbiTaHne Been o6moxkh coSpaHHoro cTaxopa Ha njiomaAKe hjih Ha Mecxe 

ycxanoBKH 

15,7 

24 

30,6 

34,5 

39 

HcnbiTamie oSmotkh CTaTopa Ha MecTe ycxaHOBKH coSpaHHoro rnAporeHepaTOpa 

A jih KajKAon H3 <J)a3 no oxhohichhio k Kopnycy h ApyrHM 3a3eMJieHHbiM 4>a3aM 

11,8 

18 

23 

25,8 

29,2 


IIpHMe^aHiie. YjicoKeHHbie cTbiKOBbie ciep>KHH BepxHero pnjja OT#ejiLHO He Hcnt>i- 
TbiBaioT. Hx HcribiTbiBaioT nocjie 3anaHKH h H30jihpobkh coe ahhchhb . 
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Table 9 


TEST VOLTAGES I UU STATOR WINDINGS 


Type of tests 

Test voltage (kV) for generators of 
higher at rated voltage (kV) 

1000 kVA power and 


6.3 

10.5 [ 

13.8 ( 

15.75 | 

18.0 

Testing of completed bars prior to placing in the stator 

24 

35 

45 

51 

57 

Testing of lower row bars placed in the stator section at the workshop 

21 

32 

40 

45 

51 

Testing of upper bars after placing in the stator jointly with lower row bars 

prior to brazing 

19 

29.5 

38.5 

43.5 

49 

1 Testing of completed stator sections without parting bars at the workshop 

18 

27 

35.5 

40 

45 

Testing of lower row parting bars placed in stator in the field, while not con¬ 
nected to the rest of winding 

19 

29.5 

38.5 

43.5 

49 

Testing of fully wound stator at assembly floor or in final position 

15.7 

24 

30.6 

34.5 

39 

Testing of stator winding in generator final position for each phase to ground 
and to other grounded phases 

11.8 

18 

23 

25.8 

29.2 


Note: Upper row parting bars placed in the slots are not tested separately. They are 
tested after brazing and insulation of connections. 



Phc. 111. npHcnocobjieime ajih HcntiTaHHH ajieK- 

TpHUeCKOH npOUHOCTH H30JIHUHH BepXHKX CTepHC- 
Heii oGmotkh CTaTopa nepe# ynna^KOH b na 3 bi: 

1 — cxepjKHH CTaiopa; 2 — ^epeBHHHaa Kopo6Ka c na3aMH, 
oSjIItUiOBaHHtIMH MeflHOH cJtOJIbrOH; 3 - KpblUIKa 

Fig. 111. High-voltage test stand for testing elec¬ 
tric strength of insulation of winding upper bars 
before placing them in slots: 

l — stator bars; 2 — wooden box with slots lined with copper 
foil; 3 — cover 
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Phc. 112. IIpHcnocooJieHHH # jih BpeiweH- 
HOH H nOCTOHHHOH paCKJIHHOBKH CTepHCHeH 
b na3y: 

a — BpeiweHHbiH cTaji&HOH kjihh paCKJIHHOBKH 

HHJKHHX CTep>KHeH J 6 - BpCMCHIIbie ^epeBHIIHbie 

KJIHHBH flJIfl paCKJIHHOBKH HHJKHHX CTep>KHeH J 6 - 

BpeMeHHbie /jepeBHHHbie kjihhi.h ajih peckjihhobkh 
B epxHHX CTepjKHen; ^ — onpaBKa ajih Hauajia 3aKJiH- 
hobkh na3a ; d — onpaBKa ajih oKOHuaTejibHOH 3a- 
kjihhobkh na3a 


Fig. 112. Device for temporary and per¬ 
manent wedging of rods in a slot: 

a — temporary steel wedge for lower bars; 6 — tem¬ 
porary wooden wedges for lower bars; e — temporary 
wooden wedges for upper bars; z — mandrel for driv¬ 
ing wedges in slots; d — mandrel for final wedging 
of slots 


BepxHue CTepnom HcnbiTbraaiOT ao yKJia^KH b 
nasBi b crieijHajiLHOM HcnbiTaxejibHOM npHcnocoOjicHHH 
(pHC. 111). 

CTep>KHH HH>KHero pH^a yKjiaAtiBaiOT b cjieAyio- 
uteM nopHAKe. Ha aho na3a 3aKJiaAf>iBaiOT nponn- 
TaHHbie H30JIHAH0HHBIM jiaKOM npeccmnaHOBbie npo- 
KJiaAKH ; KOjnraecTBO h TOJimmia hx oSycjiOBJienbi 
^epTOKOM . HMeioiAHecH b ctbikobqm na3y Ha Ane 
ycTynbi b bipaBHHBaiOT 3a cneT ycTaHOBKH npecc- 
uinaHOBbix npoKjiaAOK. 3aTeM HarpeTbie b TepMocraTe 
CTep>KHH yKJiaAbiBaioT b hh>khhh pha OAHoro hjih cpa3y 
HecKOJibKHx CTbiKOB b 3aB hchmocth ot cocraBa 6pHraABi 
h eMKocTH TepMOCTaxa. BoKOBbie iijiockocth cxeptfmeit 
nepeA ynjiaAKOH Haxnpaiox MHKaMbuiOM. 

IlepeMemaiox cxep>KeHB b rjiyfib nasa o ahobp cmchho 
no Bceit RJimiQ cxep>KHH c noMombio ocaAOHHoii aockh, 
nmpHHa Koxopoii HecKOJibKO MeHbine uiHpHHbi na3a. 
VAapaxb no Aocne KyBajiAonnaMH cneAyex oAHOBpe- 
MeHHo b xpex Mecxax no Bbicoxe b oahh xanx. 

nocjie xoro, Kan cxep>KeHb 6yAex AOCJiaH ao Ana 
na3a, b jiacxonKHH xboct na3a ycxaHaBJiHBaiox Bpe¬ 
MeHHbie cxajibHbie kjihhbh (pnc. 112, a). MeacAy sthmh 


The upper bars are tested in a special rig (Fig. Ill) 
prior to placing into the slots. 

The bars of the lower row are placed in the follow¬ 
ing order. Varnish-impregnated press-board troughs 
are placed on the slot bottom. The number and thick¬ 
ness of the troughs are specified by the drawing. Steps 
in the parting slot are levelled off by fitting in press- 
board gaskets. Then the bars heated up in the ther¬ 
mostat are placed in the lower row of one or several 
slots at a time depending on the crew strength and the 
capacity of the thermostat. The side surfaces of the 
bars are coated with mica soap prior to placing. 

The winding bar is driven into the slot simultane¬ 
ously over its entire length with the aid of a driving 
plate having a width less than that of the slot. Hammers 
should tap on the driving plate at three points simul¬ 
taneously in a single stroke. 

Once the winding bar is rammed to the slot bottom, 
temporary steel wedges are inserted in the dove-tail 
(Fig. 112, a). Then three pairs of opposing wooden 
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Phc 113 KpenJieHHe cTep>KHen cTaTopa: 

- pe c— npoK,a„KH; 5 - mnypoBoft 4 - 6y*ep; 5- BepxHHH CTep^ena; 

6- xoMyTHK™ / - hk>khhh crep^em; S - 6a H fla>KHoe ko*o 

Fig. 113. Bracing of stator rods: __ | ower 

1, 2 -press-board gaskets; 5-cord band; 4 -bumper; 5-upper bar; 5-collar, 
bar; 8 — banding ring 



Phc. 114. PaAHaubHbm pa3pe3 no na30- 
boh nacra CTaTopa: 

1 — aKTHBHan crajii. CTaTopa; 2 , 4 h 6 npecc- 
mnaHOBbie npoKJiaflKH; 3 — hh^hhh ^pMcem b> 
5 — BepXHHH CTepJKeHb; 7 — reTHHaKCOBbiH 

KJIHH 

Fig. 114. Radial section through stator 
slot portion: 

j_stator core; 2, 4 and 6 — press-board gaskets; 
3 — lower bar; 5 — upper bar; 7 —paper base 
laminate wedge 


KJiHHBHMH H HaxoAfflfiHMCH b nasy CTe P >KHeM SafiUBaiOX 
XPH napM 6epe30BBix hjih SynoBbix BCxpenHfeix kjih- 
HbeB (pnc. 112, 6), noMeman mokaY hhmh h cxep>KHeM 
npeccuinanoBbie npoKJiaAKH. PacKJiHHHBaiox BHanajie 
cpeAHKio napy, a saxeM sepxHioio h hh>khioio. Ultima 
KJiHHbeB AOJi>KHa 6biTb Ha 1—2 mm MeHtuie mnpHHbi 
nasa, a AJinna oSbihho 300-350 mm. Kjihhbh ocxaBJiHiox 
b nasy bhjiotb flo yKJiaflKH sepxHHX cxepjKHen nocjie 

HCnbITaHHH 3JieKXpHHeCKOH npOHHOCXH H30J1HAHH HH>K- 

hhx cxep>KHeH. nocjie pacKpenjieHHH cxep>KiieH b 
na3y, nona ohh He HaxoflHxcn b noflorpexoM cocxoh- 
HHH, npOBepHIOX BBepXy H BHH3y BbiJiex hx jidOobbix 
H acxeii h, earn xpefiyexcn, pnxxyiox i-ojiobkh c tcm, 
BxoObi Ka>KflaH roJioBKa 6buia pacnojioHteHa npoTHB 
cepeAHHbi rnara h iuioxho npnjierajia k ceraeHxy 6aH- 
AajKHoro KOJitna. Ecjih o6 H apy>KHBaexcH, hxo jio6o B aH 
tiacxb HaMHoro He aoxoahx ao 6anfla>KHbix KOJieq, to 
3xo coHJieHeHHe BbipaBHHBaioT, ycxaHaBHHBan npecc- 
uinaHOBbie nJiocKOCXH (pnc. 113). 

npn ycTaHOBKe npoKJiaffOK cneAyex HMexb b BHfly 
xo oOcxoHTejibcxBO, HXO cxepHteiib mo>kho Ha 8—10 mm 
noflXHHyTb k 6aHfla>KHOMy KOJibpy. noflxnrHBaxb 6ojiee 
10 mm ne penoMeHAyexcH, xan nan Sojibrnne AecfiopMa- 
T iun jioSoboh HacxH MoryT npHBecxH k nopne h30jihahh 
na BbixoAe hs nasa. Ecjih Me>KAy jio6oboh nacxbio h 
O aHAaiKHbiM KOJibAOM oKanrexcn ficwiee Tpex nponjiaAOK, 
xo HX Heo6xoAHMO CTHHyTb KHnepHOH jieHxoii. Ilocjie- 
AyiouiHe cxepntHH yKJiaAWBaiox xannce, ycxaHaBJiHBan 
MeiKAy JioGoBbiMH HacTHMH AHCTaHHHOHHbie pacnopKH 
H OaHAaiKHpyH hx HiHypoM. Ilpn stom hcoOxoahmo 


wedges (birch or beech) (Fig. 112 6) are driven between 
the temporary steel wedge and the winding bar with 
press-board gaskets fitted between the wedges and the 
winding. Initially a middle pair of wedges are driven, 
then — upper and lower pairs of wedges. The wedge 
width should be 1 or 2 mm less than the slot width, 
its length is usually 300 to 350 mm. The wedges remain 
in the slot until the upper winding bars are inserted 
after the high-voltage test of the lower winding bar 
insulation. Upon wedging the winding bars in the slot 
and while they are not heated up, their end portions 
are checked at top and bottom for overhanging and if 
it is required, the coil heads are levelled so that each 
coil head should be positioned opposite the pitch center 
and rest tightly against the banding ring section. If 
there is a gap between the end portion and the banding 
ring, press-board gaskets are fitted into the gap 
(Fig. 113). 

When inserting gaskets, one should bear in mind 
that the winding bars can be pulled to the support 
ring over 8—10 mm. It is not advisable to pull over 
more than 10 mm because considerable strains of the 
end portions may cause damage to the insulation at 
the exit from the slot. If more than three gaskets are 
fitted in between the end portion and the banding 
ring, they should be braced together with heringbone 
tape. The next winding bars are installed the same 


o6pam;aTL BHHMUHne Ha co6jno^eHHe paBHOMepHoro 
pacnoJio>i<eHHH tojiobok no mary h BejiHHHHe BbuieTa 
jio6obi>ix nacTen CBepxy h CHH3y CTaTopa. 

npn HcnbiTaHHH ajieKTpnnecKOH nponHocra h30jih- 
UHH HH>KHHX CTep>KHCH nOBblllieHHblM HanpH>KeHHeM 
Ha,zjo oco6eHHo cjicahtb 3a 3JieKTpo6e3onacHOCTbio. B 
30 Hy HcnbiTaHHH, b nacTHOCTH, HejiB3H nycKaTb nocro- 
poHHHX jxhh h Ha Bcex npoxoAax, coodmaioiimxcH c 
30 HOH HcnbiTaHHH, AOJDKHbl 6bITb BbICTaBJieHbl nOCTbl. 
HcnbiTaHHH Jiynnie Bcero npoH3Bo^HTi> hohbio hjih b 
o6eAeHHbiH nepepbiB, Kor^a Ha oSbeKTe MeHbine 
jnoAen. 

IloCJie HcnbiTaHHH HH>KHHX CTepJKHCH H nOKpbITHH 
hx JioGoBbix nacTen nonp obhhim jiaKOM pacnopHbie 
AepesHHHbie kjihhlh BbiHHMaioT h ynjiaAbiBaiOT Bepx- 
HHe crep>KHH, npeABapHTejibHo HcnbiTaHHbie noBbimeH- 
hbim Hanp hh< eiineM no HopMaM Ta6ji.9. 

YnjiaAKa BepXHHx cTepHmeii npoH3BOAHTCH b TaKOH 
nocjieAOBaTeaibHocTH. B na3 CTaTopa no Bepxy hh>k- 
Hero CTep>KHH Kjia^yT nonphiTbie hsojihahohhbim jiaKOM 
ABa cjioh npeccinnaHOBbix nponjiaAOK tojiiahhoh no 
1,5 mm (pnc. 114). 3aTeM Ha rojiOBKy Hnnoiero CTep>KHH 
BBepxy h BHH3y HaAeBaiOT xoMyraKH. JJjih npeAOT- 
BpameHHH CABHra xomyTHKH c noMoiAbio tohkhx MeA- 
HblX KAHHbeB paCKJIHHHBaiOT K TOJIOBKe HH>KHerO 
cTep>KHH. Ilocjie 3Toro b MecTax ycTaHOBKH SaHAancen 
3anpen jihiot KHnepHOH jichtoh 6y(J)epbi (pnc. 113) h 
npncTynaioT k 3aKJiaAKe cTepncHeH b na3bi, KOTopyio, 
Tan >Ke Kan h b HH>KHeM pHAy, npoH3BOAHT Ha oahom 
HJIH O AHOBp eMeHHO Ha HeCKOJIbKHX CTBIKaX CTaTopa. 
By(J)epbi ycTaHaBjiiiBaiOT Tan, htoSm 3 a 3 op Men<Ay 
hhmh h CTepjKHHMH BepxHero pHAa 6bui He 6ojiee 
2—3 MM. 

BepxHHe CTep>KHH AocbiJiaioT ao hh>khhx, njiOTHo 
npH>KHMaH npeccmnaHOByio nponjiaAKy c noMonibio 
TOH Hce ocaAOHHOH aockh ajihhoh HecKOJibKo 6ojibine 
BbicoTbi nasa. IIpH ynjiaAKe CTep>i<HH neiiTpHpyiOT 
KOHIjaMH no XOMyTHKUM. 

no Mepe ycTaHOBKH b na3bi ctcp>khh c noMoiAbio 
BpeMeHHbix AepeBHHHbix BCTpenHbix napHbix KjiHHbeB 
(pnc. 112, b) pacK jihhhb aiOT Tan, HTo6bi kjihh onnpajicH 
Ha cTep>KeHb nepes npeccmnaHOByio nponjiaAKy. Pac- 
KJiHHOBKy ACJiaiOT b Tpex ceneHHHx no BbicoTe na3a, 
OAHOBpeMeHHo pacKpenjiHH jio6oBbie nacra CTep>KHen 
6aHAa>naMH k 6aHAa>KHbiM KOJibAaM. BaHAancnpoBaTb 
HaAO c npeAejibHOH TiAaTejibHocTbio, Tan nan npn 
BHe3anHbIX KOpOTKHX 3aMbIKaHHHX B JIoSOBbIX naCTHX 
B03HHKaiOT 3HaHHTejIbHbie yCHJIHH, CTpeMHIAHeCH OTO» 
rHyTb jioSoByio nacTb k aKTHBHOH CTajiH CTaTopa. 

nocjie pa ckjihhobkh CTepHCHeii b na 3 ax rojiOBKH 
BepxHero pHAa 3anpaBJiHiOT b xoMyTHK, noAroHHH ero 
npoTHB CTbIKa rOJIOBOK HH5KHHX H BepXHHX CTepHCHeH. 
npn 3 tom no Mepe HaAoCHOCTH o6py6aiOT oTAejibHbie 
3JieMeHTapHbie np ob o ahhkh Tan, htoGbi ctbikh kohaob 
CT epncHen njiOTHo cxoahjihcb Apyr c ApyroM. nona 
CTepHCHH HaXOAHTCH B TOpHHeM COCTOHHHH, JIoSoBbie 
nacra noArn6aiOT, htoSbi ohh He BbicTynajin 3 a npe- 
Aejibi BHyTpeHHero KOHTypa aKTHBHOH CTajiH CTaTopa. 


way, inserting distance blocks between the end parts 
and lashing them with cord. Care should be given 
to the uniform spacing of the coil heads through the 
pitch and protrusion of the end part at top and bottom 
of the stator. 

During high-voltage tests of the lower winding bar 
insulation, particular care should be given to electric 
safety. Unauthorized persons should not be admitted 
into the test zone and guards should be stationed at 
all passages leading to the test zone. The tests should 
be conducted at night or during lunch time when a 
minimum number of people are present at the site. 

Once the lower winding bars have been tested 
and their end portions coated with finish varnish, the 
wooden wedges are removed and the upper winding 
bars are placed after having them subjected to high- 
voltage tests as specified by Table 9. 

The upper winding bars are placed in the following 
order. Two layers of 1.5 mm thick varnish-coated 
press-board troughs are fitted on the top of the lower 
winding bar in the slot (Fig. 114). Then connecting 
clips are fitted on the heads of the lower winding bar 
from top and bottom. To preclude displacement, the 
clips are keyed to the head of the lower winding bar 
by thin copper wedges. After that, buffer blocks are 
lashed with herringbone tape (Fig. 113), whereupon 
the winding bars are placed in one or several slots at 
a time, similar to the lower row. The buffer blocks are 
mounted so that the gap between them and the upper 
row bars is not over 2 or 3 mm. 

The upper winding bars are driven to the lower 
ones pressing tightly the press-board trough with the 
aid of the driving plate which is somewhat higher 
then the slot. In placing the winding bars, their ends 
are aligned against the connecting clips. 

As the winding bars are inserted in the slots, they 
are keyed with opposing wood wedges (Fig. 112, b) 
so that the wedge rests on the winding bar through 
a press-board gasket. The wedges are driven in at 
three bar sections heightwise with the end portions 
being simultaneously lashed to the banding rings. 
Banding rings should be secured with a particular 
care because instantaneous short circuits cause consi¬ 
derable forces to develop in the end portions which 
tend to bend the end portions to the stator core. 

After wedging the winding bars in the slot, con¬ 
necting clips are fitted on the heads of the upper row 
winding bars and aligned against the joint of the 
lower and upper winding bar heads. If required, sepa¬ 
rate strands are trimmed to make a tight joint. While 
the bars are hot, the end portions are bent to avoid 
their jutting out of the inner outline of the stator core. 
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B. YKJIAMKA CTATOPHOH ©BMOTKH 

KATyuiE^iHoro run a 

OraTopHaH oSMoxKa Kaxyuiemroro xma, Kan y>Ke 
OTMe^anocB b § 5-4 n.A, yKJiaflbraaexcH b na3bi moht3>k- 
hbix CTbiKOB nocne noflbeMa mara o6motkh. 3xo 3Ha- 
BHT, *1X0 nepefl yKJiaflKOH HHJKHHX CTOpOH CTbIKOBbIX 
KaTyxiieK HeoGxoqHMO npmioflHHXb H3 na30B h oxor- 
HyTb b CTOpoHy BepxHne CTopoHbi KaTymeK, y„\ro}Kcn- 
Hbie Ha aaisoqe. Ilocjie 3Toro mojkiio yKJia,n;i>iBaxi> Ha 
flHO na30B HHHCHHe CTOpOHBI KaTyHieK. nHCJIO npH- 
noAHHMaeMBix KaTymeK paBHO *mcjiy KaxymeK, Haxo- 
Ahiuhxch b oahom Kaxymc’xiioM mare o6motkh. Ilocjie 
yKJiaAKH HHJKHHX CTOpOH 3 aKJiaAbIBaiOT Ha CBOe MeCTO 
npHnoAHHTbie paHee BepxHHe cxopoHBi. noAX>eM naxy- 
uieK h VK.xaAKa o6paxiio b na3bi npoH3BO,qHXCH c o6h- 
33 TejiBHbiM noAorpeBOM hx qo 85—90°C. 3xo qejiaexcH 
3 a cneT noTepB b MeAH npn noAane b o6MOXKy cxaxopa 
TOKa nepe3 CBapomibiii TpaHC(|)opMaTop. 

Bee APyrne onep aip-ni no yKJiaAKe o6moxkh 3,qcci> 
AejiaiOTCH xaK nee, nan h y o6motok cxep>Kiiei!oro xi-ina. 


r. OCOEEHHOCTII yKJIAJJKH CTATOPHOfl 
OEMOTKH C TEPMOPEAKTHBHOil 
HSOJwnqHEfi 

B CBH3H C TeM, HTO TepMOpeaKTHBH3H H30J1HAHH He 
3/iaCTH'Iira KaK B XOJIOAHOMj TaK H B IIOAOrpCTOM COCTOH- 
hhh, CTepHtHH CTaTopa, HMeioupie xanyio hso.'ihuhio, 
nepeA yKJiaflKOH b na3bi He noAorpeBaioxcH. 

OxcyxcxBne y cxep>Kiiefi c xanoit hso-ihuhch cno- 
coShocxh k caMoyn.xoxneiiHio b na3y npn HarpeBe b 
npoijecce paGoxbi npeqtHBiMex 6ojiee BbicoKHe xpe6o- 
b3hhh k pa6oxaM no 3aKpenjieHHio cxepncHefi b na3y. 

oSecneneHHH BecBMa nnoxHoro KOHxanxa cxep>K- 
hh c na30M MtjKqy Sokoboh noBepxHOCXBio cxepjKHH h 
na30M ycxaHaBJiHBaioxcH cneAnajiBHoro npcfjrajm H30- 
jwAHOHHBie npoKJiaAKH; auajioixrnibie npoiciaqrai, ho 
A pyroro npo(|)HJiH, ycxaHaBJiHBaioxcH xaKnce MOKqy 
cxep>Kiie.Yi h pacnopHMM kjihhom. BoKOBbie npoKJiaqKH 
THAporeHepaxopoB npaBoro BpameHHH 3aKJiaAbiBaioxcH 
c npaBoii cxopoHbi na3a h c jicboh cxopoHbi na3a flJia 
reHepaxopa JieBoro BpameHHH, earn CMOxpexB Ha na3 
H3 AeHxpa exaxopa. JXjih oSecneneimH Hanjiynmero 
KOHxaKxa cxepacxH c na30M iiphmchhiox npoKnaqKH 
pa3HBix xojiiahh, noJiynaeMbix nyxeM pacHJieiieHHH no 
AJiHHe npHCbuiaeMbix 33 Boaom npoKJiaAOK. 

3AecB oco6o cepBe3Hoe BHHMamie yqejiHexcH noA- 
roxoBKe na 3 a k yKJiaqKe. B cjiynae oSHapynceHHH 
KaKHx-:iHOO BbicxynoB cxa.iii b na3y ohh xinaxe:iBiio 
3 aumiplIOXC>I HanHJIBHHKOM C IIOC.'ieqylOIIJH.Yl nOKpbl- 

xneM 3 xhx Mecx nojiynpoBOAHiAHM JianoM. 

Tan nan cxep>KHH HejiB3H noABepraxB k3khm-jih6o 
A etjjopMaipiHM, ycxaHOBKa hx no oxhoihchhio k conpn- 
aceHHHM AO^Ha np0H3B0AHTbCH oco6o TOtmo. ripn 


C. PLACING THE DIAMOND WINDING 

As has been noted in Section 5-4, subsection A, 
the diamond stator winding is placed in the slots of 
the split joint after lifting up the winding pitch. It 
means that prior to placing the lower parting coil 
sides, the upper coil sides placed in the shop must be 
lifted up from the slots and bent back to one side. 
After that, the lower coil sides can be placed on the 
slot bottoms. The number of coils to be lifted up is 
equal to the number of coils contained in one pitch. 
After inserting the lower coil sides, the lifted upper 
coil sides are bent back in position. Lifting up the coils 
and placing them back in the final position must be 
done after heating the coils to 85—90°C. They are 
heated up by heat losses in the copper applying cur¬ 
rent to the stator winding from a welding trans¬ 
former. 

All other operations on placing the winding are 
similar to those for the bar winding. 


I>. PLACING THE STATOR WINDING 
WITH THERMOSETTING INSULATION 

Since the thermosetting insulation is not elastic 
both in cold and hot state, the winding bars with such 
insulation are not heated prior to placing them into 
the slots. 

As the insulation is not able to expand due to 
heating in the course of operation, it places more 
stringent requirements on secyring the winding bars 
in the slots. 

The winding bars are tightened up within the slots 
by inserting insulating spacers of a special configu¬ 
ration between the lateral surface of the bar and the 
slot. Similar spacers, but of a different shape, are 
fitted also between the winding bar and the distance 
wedge. On the generators of clockwise rotation lateral 
spacers are placed on the right side of the slot and on 
the generator of counter-clockwise rotation, on the 
left side of the slot if viewing the slot from the stator 
center. To ensure the best contact between the winding 
bar and the slot, spacers of various thickness are used. 
These spacers are fabricated by splitting lengthwise 
the spacers supplied by the Manufacturer. 

Particular emphasis must be placed on the prepara¬ 
tion of the slot for placing. Protruding stampings of 
the stator core, if defected, have to be filed off and the 
ground spots must be coated with semi-conducting 
varnish. 

Since the winding bars cannot be subjected to any 
deformations, they must be installed very accurately 
with respect to the joints. If the shape of the winding 
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HecoBnaAeHHH no <j)opMe crepncHH, HMeiomne hcao- 
nycTHMbie otkjiohchhh ot npoeicra, aojihchbi 6biTb 
oTdpaKOBaHbi. 

Kperniemie iimypoM (SaHAancnpoBKa) jioSobbix ua- 
CTefi k pacnopnaM h 6aHAa>KHbiM KOJibyaM aojdkho 
npOH3BOAHTBCH 6e3 Ae<t>OpMaAHH jioSoboh nacm. Ecjih 
MOKA y CTep>KHeM H SaHASHttlBIM KOJIbAOM nOJiyUHTCH 
3 a 30 p, oh AOJBKeH 6biTb 3anojiHeH npOKJiaAKaMH, koto- 
pbie npeAycMaTpnBaiOTCH npoeKTOM. Bee ocTajibHbie 
onepaiyiH no yKJiaAKe oSmotkh c TepMopeaKTUBHoit 
H30JiHAHen 3Aecb BbinojiHHiOTCH Tan >Ke, Kan n y o6mo- 

TOK C H30JIHAHefi Ha SHTyMHbIX CBH3yi0iyHX. 

H. nA^ICA COErtUIIEIIHH I'OJIOBOK 
CTEP5KHEH CTATOPIIOH OEMOTK13 

IlaHKa coeAHHeHHH jio6obmx nacre# oGmotok cTa~ 
TopoB ojioBHHHCTbiM npHnoeM B HaCTOHIIjee BpeMH 3aMe- 
HeHa naHKo# cepedpnHbiM npnnoeM IICp-15 c TeMiiepa- 
Typo# njiaBjieHHH 635°C. Oh coAepncHT b cede b %: 
Ag=15, Cu=80 h P=5. CoeAHHeHHH jiodoBbix nacre# 
oSmotkh, 3 anaHHHbie ojiOBHHHCTbiM npnnoeM IIOC-40 
c TeMnepaTypo# njiaBjieHHH 183°C, He odecnenHBajm 
AJiHTejibHyio 3KcnjiyaTayHio THAporeHepaTopoB 6e3 pa3- 
pymeHH#. 3 to odbHCHHeTCH TeM, hto b npoyecce 
3KcnjiyaTayHH, ocoSchho npn nacTbix BKJiioneHHHx 
reHepaTopa b cncTeMy cnocodoM caMOCHiixponHsaynH, 
BCJieACTBHe BHdpaiyi# tohobok nponcxoAHT nacranHoe 
pa3pymeHHe naeK, b ronoBKax noHBjimoTCH MecTHbie 
nporpeBbi, cnocodcTByiomHe BbinjiaBJieHHio npHnon 
H3 coeAHHeHHH H BbIXOAy CTaTOpa H3 CTpOH. IIoSTOMy 
h nepemjiH Ha na#Ky cepedpHHbiM npHnoeM KaK 3apy- 
6e>KHbie, TaK h ace oTenecTBeHHbie 3aBOAbi. IIOC-40 
coAepncHT b %: Sn=39—40; Sb = 1,5—2 h Pb — 
ocTajitHoe. 

B 3aB0ACKHx ycjioBHHx, KorAa CTaTQp jiokht ropn- 
30HTajibH0, coeAHHeHHH naniOT npnnoeM IICP-15 c 
noMOiybio ajieKTpoKOHTaKTHO# TonenHO# CBaponHO# 
ManiHHbi. IIpHMeHeHHe Tano# ManiHHbi npn MOHTance, 
h ocodeHHO b 3HMHee BpeMH, 3aTpyAHeH0 h He otjih- 
naeTCH npenMyiyecTBaMH nepeA na#K0# c noMOiybio 
ra3onjiaMeHHbix ropeiiOK. CneAyeT, OAHano, otmcthtb, 
hto npn MOHTance rnAporenepaTopoB KpacHonpcKo# 
T3C CHJiaMH MOHTancHoro ynaerna TpecTa ,,Cney- 
rHAP03Hepr0M0HTa>K cc dblJIH CKOHCTpyHpOBaHbi H H3- 
roTOBJieHbi cneyHajibHbie ajieKTpnnecKHe Knetyn, koto- 
pbie ycneniHo npHMeHHJincb Ann na#KH cocahhchh# 
CTepHCHe# CTaTopa. IIpHMeHeHHe TaKHx Kjieiye# rjix 
na#KH coeAHHeHH# no3BOJiHJio noBbiCHTb b 1,2 pa3a 
np0H3B0AHTejibHO ctb TpyAa no CpaBHeHHIO C npOH3BO- 
AHTejibHOCTbio TpyAa npn na#Ke c noMombio ra3onjia- 
MeHHO# TOpejlKH H n03B0JIHJI0 BbICBO6oAHTb BblCOKO- 
kb a jih(|)hahpOB aHHbix ra30CBapn^HK0B. CneAyeT 3aMe- 
THTb, hto ajih na#KH tukhmh KJientaMH Heo6xo ahmo 
HM eTb nojio>KHTejibHyio TeMnepaTypy b MecTe npoH3- 
BOACTBa padoT. Hnnce paccMOTpHM na#Ky cocahhchh# 
cepedpHHbiM npnnoeM tojibko npn noMOiyn ra3onjia- 


bar has inadmissible deviations from the design confi¬ 
guration, such bars must be rejected. 

Lashing of the end portions to the bracing blocks 
and banding rings with a cord must be done without 
deformation of the end portions. If there is a gap 
between the winding bar and the banding ring, it 
must be filled up with gaskets which are specified by 
the design. All other operations related to placing the 
winding with thermosetting insulation are carried out 
simular to those involved in the windings with bitumen- 
based insulation. 

E. BRAZING T1IE STATOR WINDING END 
CONNECTIONS 

The tin solder brazing of stator winding end por¬ 
tions is at present superseded by brazing with the 
nCp-15 silver alloy solder having a melting tempera¬ 
ture of 635°C. This silver alloy solder is composed of 
Ag = 15, Cu = 80, P = 5 by percentage. End con¬ 
nections made with the IIOC-40 tin solder having a 
melting temperature of 183°C did not ensure long 
service of hydrogenerators without deterioration. It is 
explained by the fact that in the course of operation, 
especially when the generator is frequently put on line 
by self-synchronizing, vibration of the coil heads causes 
partial deterioration of soldered connections and local 
overheating occurs in the heads with the result that 
the solder melts out of the connection and the genera¬ 
tor fails. 

Therefore, manufacturers in this country and abroad 
switched over to the silver alloy brazing. The IIOC-40 
solder contains Sn = 39 —40, Sb = 1.5—2, Pb — re¬ 
maining part by percentage. 

In the workshop, when the stator is in the horizontal 
position, a resistance spot welding machine is em¬ 
ployed for brazing with the IICP-15 silver solder, The 
use, of such a welding machine in the field, however, 
especially in winter time, presents certain difficulties 
and does not have advantages over brazing with gas 
torches. It should be noted, however, that during 
installation work on hydropower units at the Krasno¬ 
yarsk hydroelectric power plant, special electrical tongs 
were developed and fabricated which found successful 
application in brazing the stator winding bar connec¬ 
tions. Employment of such tongs for brazing the con¬ 
nections stepped up productivity as much as 1.2 times 
against the gas torch and permitted also the high 
skilled gas welders to be released from the job. It 
has to be pointed out that brazing by these tongs nece¬ 
ssitates maintaining positive temperatures at the place 
of work execution. Herein below we are going to 
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PHC. 115. KoHCTpyKUiHH TOJIOBOK CTep>K- 
Heii cTaTOpHOH oSmotkh: 

a — rojioBKa c e^HHOH BeTBtio ; 6 — roJioBKa c 
TpeMH napaJuiejibHbiMH bctbhmh 
1 -IUiaCTHHKH ncp-15 


Fig. 115. Design of stator winding bar 
heads: 

a — single-path head; 6 — head with three parallel 
paths 

/ — nCP-15 plates 


MeHHbix ropeJioKj Tan KaK stot cnocod 6ojiee uiHpoKO 
pacnpocTpaHeHj xoth HanGojiee cjiohchbih. 

CoBpeMeHHtie THAporeHepaTopBi hmciot tojiobkh 
oSmotok c TpeMH hjih flByMH napajuiejitHbiMH bctbhmh 
hjih npeflCTaBJiHiOT co 6 oh oflHy i^ejiyio bctbl (pnc. 115). 

JIjih oSecneneHHH xopomero KanecTBa naHKH coe- 
^HHeHHH nepe^ naHKOH kohabi ctutophoh o6motkh 
H eoSxOMHMO BHOBb 3aUHIAaTL MeTaJIJIHHeCKHMH mex- 
naMH ao cBQKero MeTajuiHuecKoro SjiecKa h npOMBiBaTt 
50 %-hbim boahbim pacTBOpOM cnHpxa. IIocTynaioiAHe 
Ha MOHTaHC XOMyTHKH CTbIKOB TOJIOBOK TaKMECe AOJIHCHbl 
6bITb BHOBb 3aHHIACHbI H npOMbITbl 50%-HBIM BOAHbIM 
pacTBopoM crapTa. 

IlpH cSopne TOJIOBKH, A™ yBeJIHHeHHH KOHTaKT- 
HOfi nOBepXHOCTH nafiKH, MCHCAy pHAaMH npOBOAHHKOB 
b rojioBKe BCTaBJiHiOT no ABe nJiacTHHbi H3 npHnon 
IICP-15 pa3MepaMH ? oCycjioBjieHHbiMH nepTOKOM 3aBo- 
Aa-H3T0T0BHTeJIH (pHC. 115). 

npH HaJIHHHH B TOJIOBKaX AByX HJIH TpeX BCTBCH 
BHanajie coSnpaiOT h 3anaHBaiOT BHyTpeHHHe coeAH- 
HeHHHj a 3aTeM cpeAHHe h HapyncHbie (pnc. 116). 
Co6pamiyio rojioBKy c 'noMombio cneAHajibHoro npH- 
cnocoCjieHHH THna cTpySiiHHbi OKHMaiOT ao Tanoro 
COCTOHHHH, npH KOTOpOM CTbIKH COCAHHCHHH 3JICMCH- 
TapHbix npOBOAHHKOB noAXOAHT Apyr k Apyry c 3a3o- 
poM He 6ojiee 2 mm. 3to npoBepniox nepc3 CoKOBbie 
H BCpXHHe KOHTp O JIbHbie OTBepCTHH B XOMyTHKaX 

(pHC. 115). 

JJjih 3aiAHTbi MecT naHKH ot oKHCJieHHH npn HarpeBe 
H yAajieHHH okhcjiob c noBepxHocTH naneMbix coeAH- 
HeHHH MecTa nani<H 3anaHBaeMbix h coccahhx tojiobok 
nepeA naHKOH noKpbiBaiOT (3ajiHBaiOT) cjiocm ropHuero 
boahoto pacTBopa 6ypti (6ypy pacTBopniOT b khiih- 
men BOAe ao Tanoro coctohhhh, npH kotopom b npo- 
ijecce KHneHHH Ha AHe cocyAa noHBHTCH HepacTBopeH- 
HblH OCaAOK). 

KpOMe toto, npH naime npOBOAHHKOB BHyTpeHHen 
BexBH, bo H 36eacaHHe otjiohcchhh KonoTH Ha noBepx- 
HOCTH npOBOAHHKOB CpeAHHX H HapyHCHbIX BCTBefi, 
3 TH bctbh OTraSaiOT Hapyncy H Ha HHX HaAOBaiOT 


dwell on brazing with the aid of gas torches because 
this method finds wider application, though it is the 
most complex one. 

The modern generators have coil heads with three 
or two parallel circuits (paths) or one integral circuit 
(Fig. 115). 

To ensure a good quality of brazed bonds, the wind¬ 
ing leads must be cleaned to bright metal with metal 
brushes and washed with 50 % water solution of alcohol 
prior to brazing. Clips supplied for installation on head 
joints must be cleaned and washed with 50% water 
solution of alcohol. 

In assembling the coil heads, two plates of IICP-15 
solder in size specified by the manufacturer are fitted 
between the strand conductors in the coil head to 
increase the contact surface area (Fig. 115). 

When a coil head has two or three circuits, first 
the inner connections are assembled and brazed, then 
the middle and outer connections (Fig. 116). The assem¬ 
bled head is clamped together with the aid of a special 
device so that the gap between the ends of the strand 
conductors should not exceed 2 mm. This is checked 
through special holes provided at the side and top 
of the connection clips (Fig. 115). 

To protect the brazed spots against oxidation while 
heating and to remove oxides from the joints being 
brazed, the spots to be brazed and adjacent heads 
must be covered with a layer of hot water-dissolved 
borax (the borax is dissolved in boiling water to a 
state when insoluble residue appears at the vessel 
bottom during boiling). 

Besides, when brazing the strand conductors of 
the inner path, the middle and outer paths must be 
bent back outward and protective iron sheaths are to 
be put on them to avoid deposition of soot on the 
path surfaces. 
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3amHTHbie (jjyTJiHpM, cACJiaHHbie H3 KpoBejibHoro 
>KCJie3a. 

npHMbIKaiOLAHe K CTep5KEU0 KOHAbI <j>yTJIHpOB 6aH- 
ASHCupyiOT acGecTOBOH jichtoh (pnc. 116). 

fljiH npeAOxpaHeHHH ot njiaMeHH ropejiKH h3ojih- 
poBaHHyio jioSoByio uacTb cTepncHefi 3aKpbiBai0T mok- 
pbiM acSecTOM, a CBofioAHyio ot H30jihahh uacTh tojiob- 
kh, npHJieraioiAyK) k MecTy naHKH, no Mepe HaAofi- 
hocth, oxnaHCAaiOT cnenHajibHbiM b 03AyniHbiM hjih 
BOAHHbIM 0XJI8}KAeHHeM. 

IlpH HarpeBe tojiobkh raaonjiaMeHHOH ropejiKH b 
npoijecce naHKH HaAO ocofieroio BHHMaTejibHo HaSjito- 
AaTb 3a paBHOMepHOCTLK) nporpeBa’ Hapy>KHOH h BHyT- 
peHHeii nacTen tojiobkh, ajih uero HanpaBJiHTh ropejiKy 
nonepeMeHHo Ha xoMyxHK h Ha ojieMeHTapHbie npoBOA- 
hhkh (pHC. 117). 

MecTO naiiKH HarpeBaiOT ao Tanoro coctohhhh, npH 
KOTOPOM HaUHyT nJiaBHTbCH nJiaCTHHKH H3 npHnOH 
nCP-15, 3ajio>KeHHbie Me>KAy pHAaMH tojiobkh. 3to 
cooTBexcTByeT noHBJieHHio Ha KOHqax njiaMCHH ropejiKH 
3 ejieHOBaToro oTTeHKa. Ilocjie toto KaK njiacTHHKH 
npnnoH HauHyT nJiaBHTbCH, b MecTO cnan, BHanajie b 
cpeAHioio nacTb mokay pHAaMH, a totom no TOpnaM, 
oAHOBpeMeHHo c o6enx kohaob xoMyTHKa noABOAHT 
npoBOJiOKy H3 npHnoH 3TCP-15, h, no Mepe HaAofiHocTH, 
AofiaBJiHiOT cyxofi nopomoK 6ypbi. 3to A^JiaeTCH oSbiu- 
HO AByMH paSonHMH. 

^ToSbi He AonycTHTb H3MeHeHHH cocTaBa npnnoH 
H BbiTeKaHHH 6HTyMa, He cjieAyeT chjilho neperpeBaTb 
mccto cnaHKH. 3a sthm HeoSxoAHMo oco6eHHO cjicahtl 


The sheath ends adjacent to the winding bar are 
bound with asbestos tape (Fig. 116). 

The insulated end portions of the winding bars 
must be coated with wet asbestos to protect them 
from the torch flame. The bare head portion adjacent 
to the spot being brazed is to be cooled, as required, 
by special air or water cooling. 

In heating the coil head by the gas torch during 
brazing, particular care must be given to uniform 
heating of the outer and inner portions of the coil 
head. To achieve this, the gas torch must be directed 
alternately to the connection clip and strand conduc¬ 
tors (Fig. 117). The spot to be brazed must be so 
heated that the plates of IICP-15 solder fitted between 
the head rows start melting. This is recognized by the 
appearance of a greenish tint at the flame tip. When 
the solder plates start melting, the brazing wire of 
nCP-15 solder must be fed into the junction initially 
in the middle part between the rows and next at the 
butts simultaneously from two ends of the connecting 
clip, with the dry borax powder being added as requi¬ 
red. Usually two workers are involved in this operation. 
The brazing spot must not be overheated to avoid 
changing the solder composition and coming out of 
the bitumen. Particular care should be given to it in 
brazing the lower heads, because the coming-out 
bitumen may get to the brazing spot and cause defects. 


A 



Phc. 116 . 3 xanbi c 6 opi<H h naiiKH fouobok oGmotkh CTaTopa, coctohiahx hs 
T pex BeTBeHt: 

A — SaH^ajK H3 acSecTOJieHTbi 
/, //, III — 3Tanbi 

Fig. 116. Stages of assembly and soldering of stator winding heads com¬ 
prising three paths: 

A — asbestos tape band 
7, 77, 777—stages 



Phc. 117. CxeMa MaHHnyjiHimn ra30- 
iuiaMeHHOH ropejiKoii b nponecce naHKH 
coe,qHHeHHH 

Fig. 117. Handling of gas-plasma bur¬ 
ner in the process of soldering 
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npH naHKe hh>khhx tojiobok, Tan Kan Bbrrei<aiomHH 
6HTyM mo>kct nonacrb Ha MecTO naiiKH h BBi3BaTi> 
Span. 

no OKOHnaHHH noABOAa npnnoH k MecTy naiiKH 
pa3BeAOHHbie pHA^i cTep>KHH c noMombio cneqHajibHbix 
38HCHMOB HJIH Ky 3 HeHHbIX KJieiljeH OKHMaiOT TaK, HTO 
H3 KOHTpojibHbix, Biiauajie Sokobbix, a 3aTeM h BepxHero 
OTBepCTHH XOMyXHKa iiohbjihctch pacnJiaBJieHHbiH npn- 
noii, KOTopbiH 3anojiHHeT TaKHce h BHeniHee coeAHHe- 
nne xoMyTHKa c npoBOAHHKaMH rojioBKH. OcTpbie yrjibi 
h HanjibiBbi cmaHCHBaiOTCH. naHKa cmrraeTCH 3aK0H- 
neHHoii, ecjiH npunoH 3 anojiHHJi bcc 3a3opbi MOKAy 
OTAGJIbHbIMH SJICMCHTapHblMH npOBOAHHKaMH. 

IIpoBepKa Ka'iecTBa naiiKH coe^HHCHHiS. Kanecr- 
bo naiiKH coeAHHeHHH oSmotkh CTaTopa cepeSpHHbiM 
npnnoeM nepeA H 30 Jinp 0 BaHHeM rojioBOK aojihcho 6 biTb 
TinaTejibHO npoBepeHo. JfeJiaexcH oto cjieAyiOHjHMH 
cnocodaMH: a) BH 3 yajibHbiM ocmotpom MecT naHKH j 
6 ) H 3 MepeHHeM nepexoAHoro conpOTHBJieHHH cnaHBae- 
Mbix nacTeii; b) nponycnaHHCM no o6motkc hoctohhhoto 
TOKa h naSjiiOAOHHeM 3 a cTeneHbio HarpeBa oTAeJibHbix 
coeAHHeHHii. 

n T o6bi onpeACJiHTb creneHb HarpeBa coeAHHeHHii, 
omynbiBaiOT MecTa naiiKH pyKOH hjih HaKJieHBaiOT Ha 
tojiobkh jiaKMycoByio Syivtary, KOTOpan npHodpeTaeT 
onpeACJieHHbiii hbct, cooTBeTCTByiomHH a^hhoh TeMne- 
paType. BnoJiHe noHHTHo, hto npH npoBepne naiiKH 
nponycKaHHem no o6motkc TOKa cnjiMiee 6yAyT Harpe- 
BaTbcn Te tojiobkh, y KOTOpbix xyHce nponaHHbi coeAH¬ 
HeHHH, TaK KaK c yMeHbineHHeM ceuemiH ajih npoxo>K- 
AeHHH TOKa 6yAe r r B03pacTaTb conpOTHBJieHHe ripOBOAH- 
IAerO 3TOT TOK npOBOAHHKa. 

npH MOHTance THAporeHepaTopoB KpacHonpcKoii 
T3C a jib; KOHTponH KanecTBa naeK coeAHHermn crep>K- 
Heii 6bui ycnenmo npHMeHeH cneimajibHbiii npnSop. 

Pa6oTa ero 6a3HpyeTCH Ha H 3 MeHeHHHx BeJiHHHH 
BHXpeBbIX TOKOB, KOTOpbie 3UBHCHT OT nJIOTHOCTH 

nponaiiKH b coeAHHeHHHx. nHTaHHe k npndopy noAa- 
eTCH ot AByx SaTapeeK. Majian Macca npndopa (3 Kr), 
npocTOTa b SKcnjiyaTaAHH (He TpeSyeTCH npeABapH- 
TejibHoii MexaHOo6pa6oTKH MecTa naiiKH) h cpaBHH- 
TejibHo xopomee KanecTBO kohtpojih BbiABHraiOT stot 
cnoco6 kohtpojih (c noMomMO TaKoro npnSopa) Ha 
nepBoe MecTO H3 Bcex Ha3BaHHbix cnocoSoB. 

He3aBHCHM0 ot npHMeHneMoro cnocoSa kohtpojih 
npH pemeHHH Bonpoca o KauecTBe naeK bo Bcex cjiy- 
xjanx coBepmeHHo o6H3aTejibHbi BbiSoponHaa pa3pa6oTKa 
He cko jibKHx coeAHHeHHii h OTpbiB xoiviyTHKa y Bepx- 
HHX H HH5KHHX TOJIOBOK oSmOTKH. 

n P H BCKpbITHH TOJIOBOK, 3 anaHHHbIX CepeSpHHbIM 
npnnoeM, cjieAyeT pyKOBOACTBOBaTLCH HHCTpyKAHeii 
3aB0Aa ,,3jieKTpocHna cc , KOTOpan A°nycKaeT nacranHoe 
OTcyTCTBHe npnnoH b 3a30pax CTbiKOB BeTBeii (He Sojiee 
50% iiJiomaAH ceneiiHH crepncHH). 3Ta me HHCTpyiojHH 
npeAycMaTpHBaeT, hto KOHTaKTbi npOBOAHHKOB MOKAy 
Co6oii H C XOMyTHKOM AOJIBCHbl yAOBJieTBOpHTb yCJIO- 
BHHM nOJIHOH npOnaHHHOCTH * 


On feeding the solder to the brazing spot the set- 
apart rows of the winding bars must be pressed together 
with special clamps or forge tongs so that the melted 
solder should come out first from the lateral check 
holes and then from the top holes in the connecting 
clip. The melted solder also fills up the external joint 
between the connecting clips and the head conductors. 
Sharp corners and solder sags must be smoothed. 
Brazing is considered completed when the solder has 
filled up gaps between separate strand conductors. 

Quality control of brazed joints. Quality of silver 
brazed joints of the stator windings must be carefully 
inspected prior to insulation of the heads. It is done in 
the following order: 

a) visual inspection of brazed joints; 

b) measuring the resistance of the brazed joints; 

c) applying direct current to the winding and check¬ 
ing degree of heating at separate connections. 

The degree of heating is checked up by touching 
the brazed joint with hand or by pasting on the coil 
heads a litmus paper which turns a certain colour 
corresponding to the given temperature. It is quite 
clear that in testing the brazed joint by applying current 
to the winding, the coil heads having poorer brazed 
bonds get heated more strongly because a reduction in 
the sectional area of a current conductor will cause an 
increase in the resistance of the conductor. 

In the installation of hydrogenerators at the Krasno¬ 
yarsk hydroelectric power plant a special instru¬ 
ment was successfully used for testing the brazed 
bar joints. 

Its operation is based on the variation of eddy 
currents depending on the density of brazing at the 
joints. Power is supplied from two batteries. The small 
mass of the instrument (3 kg), ease of operation (no 
mechanical pre-treatment of the brazed joints is re¬ 
quired) and relatively good quality of inspection puts 
this method of inspection (with such an instru¬ 
ment) in the forefront among all other mentioned 
methods. 

Irrespective of the inspection method employed, 
random stripping of several joints and tearing of the 
connecting clip at the upper and lower winding heads 
are obligatory in all cases. 

In opening up the coil heads brazed with silver 
solder one should follow the instruction of the “Elec- 
trosyla” plant which allows for a partial absence of the 
solder in the gaps of path joints (not more than 50% 
of the bar sectional area). This instruction specifies 
also that the contact between the conductors and with 
the clip must satisfy requirements for full penetration 
of brazing. 
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CneAyeT otmcthtb, hto Bee onHcaiiHBie MeTOABi 
kohtpojih ctojib oTBeTCTBeHHOH onepaAHH, KaK naHKa 
coeAHHeHHii o6motkh, Bee me He odecneuHBaiOT koh¬ 
tpojih nojiHoii HaAOKHocTH coeAHHeHHH, a noaTOMy 
HyHCAaiOTCH B CepBe 3 H 0 M COBepmeHCTBOBaHHH. TfjIH 
6 ojiee HaAOKHOH npoBepKH KanecTBa naiiKH coeAHHe¬ 
HHH, no-BHAHMOMy, hco6xoahmo pa 3 pa 6 oTaTb rio- 
Byio KOHxpojibHyio H 3 MepHTeJibHyio annapaTypy, ko- 
TOpan Morjia 6r>i 06 BeKTHBHO h HaAenmo <|>HKCHpoBaTb 
KanecTBo nponaiiKH coeAHHeHHii. 


It must be noted that all the described methods of 
inspection for such a critical operation as brazing 
of winding joints do not guarantee a full reliability 
of the brazed joints and therefore they need drastic 
improvements. It seems that more reliable quality 
control of brazed joints necessitates development of 
new instruments which could impartially and reliably 
assess the quality of brazed joints. 


E. H3OJIHPOBKA rOJTOBOK CTATOPHO& OEMOTKM 


B cTaTopax paHHero Bbinyaca tojiobkh H 30 Jinpo- 
BajiH nyTeM najioKeiiHH b nojiyHaxjiecT He cko jibkhx 
CJIO eB CTeKJIOJiaKOTKaHH, nOJIOCBI H 3 KOTOpOH IHHpH- 
hoh 25—30 mm Hape 3 ajiHCb TaK, hto 6 bi och TKa- 
HeBbix KJieTOK 6 mjih noA yrjiOM 30—45° k rpaHHM 
nojiocbi. 

Ceiraac TaKOH cnocod H30JiHp0BaHHH npHMeHHeTCH 
TOJibKQ npn peMOHTax THAporeHepaTopoB paHHero hc- 
nojiHeHHH. 

B HacTOHinee BpeMH tojiobkh CTepmnePL eraTopoB 
THAporeHepaTOpOB C JIIOSOH H30JIHIJHeH 06 MOTKH H30- 
jinpyiOTCH SbicTpoTBepAeioiAHMH KOMnayH a&mh, koto- 
pbie 3ajiHBaiOT b HaAeBaeMbie Ha tojiobkh kopoOohkh, 



Topa: 

a — BepXHflH; 6 — hhjkhhh 

j — 3aMa3tca; 2 — SbiCTpoTBepAeron^im KOMnayHfl; 3 — 
KopoGo^Ka; 4 — pe3HHOBan xpy6a hjih 3anoJiHeHHH 

Fig. 118. Insulation of stator bar head: 

a — upper; 6 — lower 

1 — cement; 2 — quick hardening compound; 3 — cell; 
4 — rubber pipe for filling 


CAejiaHHbie H3 CTeKJiosnoKCHAHoro npecc-MaTepnajia. 
BbicTpoTBepAeioiAHH KOMnayHA o6pa3yeT naAOKHyio 
MOHOJIHTHyiO H30JIHqHK) C nOBBIHieHHOH SJieKTpHUeCKOH 
H MexaHHHeCKOH npOHHOCTbK). rOJIOBKH, H30JIHp0BaH- 
Hbie TaKHM cnocodoM, HHKaKOMy AonojiHHTejibHOMy 
H3oJiHpOBaHHio He noABepraiOTCH. 

IIpOAeCC H 30 JIHp 0 BaHHH TOJIOBOK COCTOHT H 3 CJie- 
AyioiitHX ochobhbix onepaqHH. 

Ha 3anaHHHyio cepeOpHHbiM npHnoeM rojioBKy 
HaAeBaiOT ABe hojiobhhkh njiacTMaccoBOH KopoOonKH 
(pHC. 118), CTbIKH KOTOpOH, a TUK>Ke MeCTa BbIXOAa 
CTepHCHH H3 KOpoSoHKH, 3aMa3bIBaiOT cneqHajibHOH 
3aMa3KOH, H3T0T0BJieHH0H H3 3H0KCHAH0H CMOJIbl C 

F. I1HSULATION OF STATOR COIL HEADS 

The coil heads on the stators of earlier makes were 
insulated by half-lap taping of several layers of the 
varnish-treated glass cloth. The glass cloth was cut 
into 25—30 mm wide strips so that the center lines 
of fabric squares were at 30—45° to the strip 
edge. 

Now this method of insulating is used only in 
repairs of hydrogenerators of earlier makes. 

At present, irrespective of the insulation material 
applied, the coil heads of hydrogenerator windings 
are covered with fast-hardening compounds which are 
poured in moulded glass-epoxy boxes mounted on the 
heads. The fast-hardening compound forms a reliable 
and solid insulation having high electric and mechanical 
strength. The heads insulated by this method do not 
require any additional insulation. 

The head insulation procedure is as follows. 

Two halves of a plastic box (Fig. 118) are put on 
the silver-brazed head. The head split joints and the 
place where the bar emerges from the box are coated 
with putty made of epoxy resin with hardener and 
silica flour (sand). The putty is applied so that a slit 
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OTBepflHTejieM h MapmajiHTa (neaca). 3aMa3Ky HaKjia- 
ABieaiOT Tan, htoGbi b BepxHeii uacra ocTaBajiacB rqejiB 
Ajih Bbixofla B03Ayxa h ra30B npH 3ajinBKe itojiobkh 
KOM nayH^OM. 3aMa3Ka H3roTaB jihb aeT ch nyTeM tjxsjsl - 
TejitHoro cMeuiHBaHHH 100 nacreS (no Macce) siiokcha- 
hoh cmojibi c 85 nacTHMH oTBepAHTejin c nocTeneimbiM 
AoOaBJieHneM b npoijecce nepeMeiHHBaHHH 140 nacTen 
MapmajiHTa. IIpaBHJiBHo H 3 roxoBJieHHaH 3aMa3Ka npn- 
roAHa Aim paGoTbi Bcero jihhib 50 — 60 mhh nocne 
npHroTOBJieHHH, nosTOMy H3roTaBjmBaTB ee Ha^o Tann- 
MH nOpAHHMH. KOTOpbie MOrJIH GbI GbITB H3paCX0A0BaHbI 
b TeneHne 3Toro BpeMemi. 

Ecjih H3roTOBJieHHaH 3aMa3Ka TBepAeex paHee 
50 mhh, to npH npnroTOBJieHHH nocrieAyiomeH nopijHH 
HaAO He3HaHHTeitBHO yMeHBIHHTB COCTaBJIHIOmyiO OTBep- 
AHTeJIH. 

Tan Kan anoKCHAHan CMOJia h ocoOenHo otbcpah- 
TeJIB HBJIHIOTCH BeCBMa HAOBHTbIMH, npH H3r0T0BJie- 
hhh 3aMa3KH GJieAyeT oGpamaTB cepbe3Hoe BHHMaHHe 
Ha coOjnoAeHHe npaBHJi tcxhhkh Ge3onaoiocTH. B 
nacTHOCTH, noMemeHne, rAe npOH3 BOaht ch H3roTOBJie- 
HHe, AOJ1HCHO HMeTB BbITHHCHyK) BeHTHJIHIJHK), a pyKH 
AOJiHCHbi 6 bitb 3aiAHiAeHbi pe3HHOBbiMH nepnaTKaMH. 
IIomhmo 3Toro, pyKH h jihao hcoGxoahmo nepnoAH- 
tiecKH MbiTB ropHnen boaoh c mbijiom. 

KpOMe Toro, aojihchbi CTporo coGjnoAaTBCH npa- 
BHJia nojKapHOH 6e3onacHocTH, b nacTHOCTH hcjib3h 
nOJIB30BaTBCH OTKpbITbIM OXHCM H KypHTB. 

Ilocjie Toro kbk 3aMa3Ka Ha KopoGouKe 3aTBepAeeT, 
MOHCHO npHCTyilHTB K 3ajIHBKC KOpoGOHKH KOMnayH- 
AOM xoJioAHoro TBepAeHHH. Rim 3Toro Ha HMeiomyiocH 
Ha KopoOoHKe 6o6bmiKy HaAefeaiOT pe3HHOByio TpyGny 
(pHC. 118) H C nOMOH^BK) BOpOHKH 3aJIHBai0T npHTO- 
TOBjieHHbiH nepeA stoh onepaipieH KoMnayHA. 3ajiHBKa 
BeAeTCH ao Tex nop, nona b oTBepcTHH ajih BbixoAa 
B03Ayxa h ra3a He noKanceTCH KOMnayHA* 

KoMnayHA npHroxaBJiHBaeTCH b CTporoM cootbct- 
ctbhh c HHcrpyKAneH 3aBOAa-H3roTOBHTejiH reHepaTopa 

H3 OCHOBbI H OTBepAHTejm. 

Tan KaK cpon >kh3iih KOMnayHAa HaxoAHTCH b 
npeAenax 2—3 nacoB, ero H3roTaBJiHBaiOT HenocpeA- 
CTBeHHo nepeA 3ajinBKon nopijHHMH, oOecnennBaio- 
umMir paSoTy Ha nojiTopa-ABa naca. JJjih Jiynmero 
3 anoJiHeHHH KOpoOoneK ocHOBy KOMnayHAa nepeA AO- 
SaBiteHHeM b Hee OTBepAHTejm peKOMeHAyeTCH noAO- 
rpexB. Bcio cMecB hcoGxoahmo TiAaxejiBHO nepeMeujaTB 
b xeneHne 9 — 10 mhh. Ilpn stom oTBepAHTejiB 3ajiH- 
BaeTCH nocTeneHHo. 

IIpH npnroTOBJieHHH KOMnayHAa HeoGxoAHMo CTporo 
coOjnoAaTB npaBHJia tcxhhkh 6e3onacHOCTH h noncap- 
hoh 6e3onacHOCTH aHajiornnHO TOMy, KaK 3TO Gbijio 
OTMeneHO npH paCCMOTpeHHH BOnpOCOB H3FOTOBJieHHH 
3aMa3KH. 

CiieAyeT otmcthtb, hto npoijecc 3a jihbkh KOMnayHAa 
nepe3 BOpoHKy BecBMa HecoBepmeHHbiH h TpeGyeT 
yjiynmeHHH b nacTH noAann KOMnayHAa b KopoGomcy 
noA HeKOTOpbiM AaBJieHHeM ot KaKoro-jinGo npecca. 

IlaHKy h H30JiHpoBKy uihh h nepeMbineK, a TaK>Ke 
H30Jinp OBKy 6aHAa>KHbix KOJieA otacjibho paccMaTpH- 
BaTB He GyAOM, TaK KaK cnocoGbi bcaohhh sthx paGoT 


is provided on the top to let air and gas release. The 
putty is prepared by thoroughly mingling 100 parts 
(by weight) of epoxy with 85 parts of hardener, with 
140 parts of silica flour added gradually in the course 
of mixing. Properly prepared putty, is suitable for use 
within 50—60 min after its preparation. Therefore, it 
must be prepared in batches which can be used up 
within this time. 

If the prepared putty hardens earlier than in 50 min, 
the proportion of hardener should be slightly reduced 
in the next batches. 

Since epoxy resin, and the hardener in particular, 
are toxic materials, particular emphasis should be placed 
on observance of safety regulations. The room used for 
the preparation of putty must be equipped with exhaust 
ventilation, hands must be protected with gloves. Apart 
from this, the hands and the face must be regularly 
washed with hot water and soap. 

Besides, fire precautions must be observed, in parti¬ 
cular, open fires and smoking must not be allowed. 
Once the putty has hardened up on the box, one can 
start pouring the cold-hardening compound into the 
boxes. To this end, a rubber tube is fitted on the 
boss provided on the box (Fig. 118). A compound 
prepared beforehand is poured through a funnel. 
The compound is filled until it comes out of the air 
release hole. 

The compound must be prepared from base mate¬ 
rial and a hardener in strict conformity to the instruc¬ 
tions of the generator manufacturer. 

Since the compound lives about 2 or 3 hours, 
it has to be prepared just before pouring in batches 
sufficient for 1.5 and 2 hours of work. To ensure 
better filling of the box, the compound base material 
should be warmed up prior to adding the hardener. 
The mixture must be thoroughly agitated within 9 
or 10 minutes, with the hardener being gradually 
added. 

While preparing the compound, safety regulations 
and fire prevention measures must be strictly observed 
in the same way as in the preparation of the 
putty. 

It has to be pointed out that pouring the compound 
through a funnel is rather an imperfect method and 
requires improvements with regard to injection of the 
compound with the aid of a press. 

We are not going to discuss brazing and insulation 
of buses and jumpers, nor insulation of banding rings 
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aHaJiornHHbi paccMOTpeHHBiM Bbirne, a oTACJiBHbie Tex- 
HOJiorHuecKHe ocoGchhocth oGycjioBJiHBaiOTCH nep- 

TOKOM. 

jK. 3AKJ1HIIOBKA IFA30B GTATOPA 

3a6HBaeMbie b na3bi reTHHaKCOBbie, tckctojihto- 
Bbie hjih BbicoKonpouHbie cnpeccoBaHHbie H3 ctckjio- 
BOJIOKHa H 3n0KCHAH0H CMOJIbI KJIHHBH 7 (pHC. 114) 
AOJBKHbi HMeTB 3aTynjieHHbie rpaHH nepeAHero Koima 
(cHHTan no abkhcchhio), htoGbi npH aBH>K eHHH no 
na3y kjihh He ocraBjinji 3aAnp0B Ha HaxoAnmencH noA 
kjihhom npoKJiaAKe 6 . 

3aGnBaioT kjihhbh csepxy h CHH3y k cepeAHHe. 
Kjihhbh uepea noAKJiaAbmaeMbie noA hhx noAKJiaAKH 
AOJi>KHbi njiOTHo npH>KHMaTBCH k oGmotkc. HaTHr KJIH- 
HBes oGecnenHBaeTCH 3a cueT ycraHOBKH noA kjihhom 
HaGopa nponHTaHHbix H3ojnmHOHHbiM JiaKOM npecc- 
iunaHOBbix JieHT pa3HOH tojiiahhbi. KanecTBO pacKJiH- 
hobkh npoBepmoT o6cTyi<HBaHHeM. Ecjih cjibiiuhtch 
ApeGe3>KaHHe, 3 HauHT kjihh npH>Kax njioxo h HeoGxo- 
AHMa nepeKJiHHOBKa. TjiyxoH 3Byn cjiy>KHT npH3HaKOM 
xopomero HaTnra KJiHHa. 

Ilpn 3a6nBKe KJiHHBeB cjieAyeT oGpatqaTB BHHMaHHe 
Ha HMeioiAHecn Ha kjihhbhx bchth jmnHOHHbie ckocbi, 
KOTOpbie AOJDKHbi coBnaAaTB c HanpaBJieHHeM BpaiqeHHH 
pOTOpa H C BeHTHJIHIJHOHHblMH KaHUJiaMH B aKTHBHOH 
CTajiH craTopa. 

3a6HBaiOT kjihhbh c noMoujBK) pynHHKa hjih nHeB- 
MOMOJiOTKa h cnenHajiBHbix onpasoK (cm. pnc. 112, r, a)- 


3. IIQKPWTME AKTHBHOH 4 AC I II 
irr ATOP A MACJTOCTOHKOH 3MAJIMO 
HOCJIE MOHTA>KA CTbIKOBOH OEMQTKW 

Ilocjie OKOHuaimn oGmotohhbix paGoT Ha cTbmax 
CTaTopa h niHHax bcio oGMOTKy h pacxouKy aKTHBHOH 
CTajiH CTaTopa nOKpbIBaiOT AByMH CJIOHMH 3JieKTpOH30- 
JIHAHOHHOH MaCJIOCTOHKOH 3MaJIH XOJIOAHOH CyiHKH, 
JIhGo APyrHMH nOKpbITHHMH C 3H3 JIOTH HHbIMH CBOH- 
cTBaMH. Btopoh cjioh 3MajiH HaHocHT noejie Toro, KaK 
njieHKa ot npeABiAyntero noKpbiTHH OKOHuaTejiBiio 
BbICOXHeT. 

IIoKpbiTHe ajieKTpoaMajiBio npoH3BOAHT pacnbuie- 
HHeM npH noMoiAH nHCTOJieTOB-pacnbuiHTejieii pa3JiHH- 
HblX KOHCTpyKAHH. MOA^JIB 0-37 np0H3B0AHTeJIBH0- 
ctbk) 15—20 m 2 /h paGoTaeT npn AaBJieHHH B03Ayxa 
2—2,5 aT, pacxoAyn npn stom okojio 2 m 3 /h B03Ayxa; 
MOAejiB 0-31 Gojiee npoH3BOAHTejiBHa, nojiBsynct eio 
mo>kho noKpbinaTB b TeueHHe uaca okojio 350 m 2 noaepx- 
hocth, pacxoAyn 32 m 3 /h B03Ayxa. JIjih paGoxbi stoto 
pacnbuiHTejiH hcoGxoahmo, htoGbi AaBJieHHe KpacKH, 
KOTopoe co3AaeTCH oGbihho ot nocTaBjineMoro b kom- 
njieKTe c pacnbuiHTejieM Ganna, Gbuio paBHo 1,5—2 aT 
npn AaBJieHHH B03Ayxa 2,5—3 aT. Macca pacnbuiHTejiH 
okojio 700 r. Oh HMeeT xpn cmchhbix KOMnjieKTa tojio- 
BOK, conjl H HrjI. OTJIHHHTeJIBHOH OCOGeHHOCTBK) 3TOrO 
pacnbuiHTejiH hbjihctch Hajinmie B03AyniHOH KOJiBite- 


because these procedures are similar to those described 
above, while separate peculiarities of the procedure 
are specified by the drawing. 

th WEDGING OF STATOR SLOTS 

Micarta, textolite, or high-strength wedges moulded 
epoxy-treated glass fabric wedges 7 (Fig. 114) that 
are driven into the slots must have rounded edges 
at the front end, as viewed in the direction of move¬ 
ment, to avoid scoring through gasket 6 under the 
wedge when the latter moves along the slot. 

Wedges are driven from top and bottom towards 
the center. They must be pressed tightly against the 
winding through spacers placed under them. The 
interference fit of wedges is obtained by fitting under 
them a set of varnish-impregnated press-board shims 
of a variable thickness. The quality of wedging is 
checked by auscultation; a rattling sound indicates 
that the wedge is not held tightly against the winding 
and rewedging is required. A toneless sound points 
to an adequate tightness of the wedge. 

When driving the wedges, care should be taken 
that the ventilating bevels on them were positioned 
in the direction of the rotor rotation and air ducts 
in the stator core. 

Wedges are driven with a hand hammer or a pneu¬ 
matic hammer and special mandrels (see Fig. 112, b, r). 

\\ COATING THE STATOR CORE WITH OIL- 
RESISTANT ENAMEL AFTER PLACING 
THE PARTING COILS 

On completion of winding work on the stator 
joints and buses, the entire winding and the stator 
bore are to be given two coats of an oil-resistant air¬ 
drying insulating enamel or some other material of 
similar properties. The second coat of enamel is applied 
once the film of the first coat has dried out. 

Electric enamels are applied by spraying with 
guns of miscellaneous types. Model 0-37 of 15—20 m 2 /hr 
capacity operates at an air pressure of 2—2.5 atm 
consuming about 2 cu.m, of air per hour. Model 0-31 
has a higher capacity and can spray about 350 sq m 
of surface consuming 32 cu.m of air per hour. This 
sprayer requires that the enamel pressure which is 
created by the tank supplied with the sprayer, should 
be maintained at 1.5—2 atm, with the air pressure 
being at 2.5—3 atm. The sprayer weighs about 700 g. 
It is furnished with three replaceable sets of spray 
heads, tips and needles. The distinguishing feature of 
the sprayer is an air ring screen which reduces fall-out 
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BOH 3 aBect>i, yMeHbmaiomeH BbinaAaHHe nacTHA KpacKH 
H3 (Jjanejia, hto yjiyHUiaeT ycjiOBHH paboTti h yMeHB- 
maeT noTepH jiana. JJnaMeTp npuMCHueMBix niJiaHTOB 
9,5 MM. 

fljiH jiyumero pacribiJieHHH 3MaJiB pa36aBJiHK)T 6 eii- 
30JI0M, yaHT-CIIHpHTOMj TOJiyOJIOM, KCHJIOJIOM HJIH APY“ 
THMH paCTBOpHTeJIHMH C aHaJIOrHHHBIMH CBOHCTBaMH. 

5-5. CYIUKA II30JIHHHH OB MOTOR 
CTATOPA 

a. osmira no.nojKEHim o cyimcc n 

HCIILITAHHffX 

Ilocne oKOH'qaHHH Momama cxaTopa h30jihijhh ero 
o 6 motkh h ocoSeHHO jioGobbix T iacTcii b 6o;n>niHiicn5e 
cnyBaeB 0Ka3MBaexcH 3HaTOxejn>H0 yBJiawcem-iOH, bto 
CHHH<aeT ee 3 JieKxpnraecKyio npoBHocTB. IIcoxoMy nepefl 

HCIIBITaHHeM 3.ICK'rpHBeCI<0H npOBHOCTH H30:i>IHHIO 06 - 

motok cxaxopoB oSbimho iiopi^cpi aiox cyniKC . HcnBi- 
xaHHe 6e3 cyuiKH yonycTH.MO xojibko b HCKjnomnejiB- 
hbix cjiyBaax, Kor^a 3naBemie conpoxHBJieHHH h3ojih- 
ttob na>KflOH (})a3Bi oxHOCHxejiBHO Kopnyca npn coe;(H- 
HeHHHX c KopnycoM bccx ApyrHX $a3 npn padoneH 
TeMnepaType SyA^T He MeHee 1 MOm Ha 1 kB homh- 
HajibHoro HanpHJKeHHH. npH 3tom K03(|)(J)Hij 1 HeHT a6cop6- 
i^HHj xapaKTepHsyioiuiHH oTHomeHHe BejiHUHHBi conpo- 
THBJieHHH h30Jihh;hh, 3 aMepeHHoe npH 60 C, K conpo- 
THBJieHHiOj 3 aMepeHH 0 My npH 15 c, aojijkch 6bitb He 
R 

MeHBHie 1,3 T.e. K Q0 = —— ^ 1>3, rAei? 60 H R 15 3Ha- 

■^15 

HeHHH conpoTHBJieHHH hsojihahh, 3aMepeHHbie COOT- 

BeTCTBeHHO npn 60 h 15 c. 

B TexHHHecKoii jiHTepaxype yTBep>K a&hocb , hto 
BJiara b hsojihahh He 0Ka3biBaex cymecTBemioro 
bjihhhhh Ha ee 3 JieKTpHHecKyio npoHHOCTb. OAnaKo, 
pacnojiaran Sojibihhm kojihhccxbom npaKTHHecKHx a^h- 
hbix, Mbi He MO>KeM 3to noATBepAHTt, a noaxoMy peKO- 
MeHAyeM cyniHTB yBJia>KHeHHbie oSmotkh nepeA Hcnbi- 
TaHHeM noBbimeHHbiM HanpHHceHHeM. 

OSmoxkh cxaTopoB cyrnaT KaK b HenoABHHCHOM 
coctohhhh, ao onycKaHHH poTopa HJIH c onymeHHBiM 
poTopoM ? xaK h Ha oOopoxax. Cyrnica b HenoABHHCHOM 

COCTOHHHH n03B0JIHeX Ha 3-5 AHeH npn6jIH3HTb cpoK 

BBOAa arperaTa b sKcmiyaTaAHK), Tan KaK k MOMeHxy 
roxoBHoexH arperaxa k npoKpyxKe cxaxop y>Ke 6 y«ex 
HcnBixaH. 

Cyrnna oSmotok cTaTOpa b HenoABH>KHOM coctoh- 
hhh np oh 3 boahxch cjieAyiomHMH cnocoSaMH: a) noTe- 
pHMH B MeAH 06 MOTKH CTaTOpa HJIH pOTOpa npH nHTaHHH 
OT HCTOHHHKa nOCTOHHHOrO TOKa; 6 ) nOTepHMH B aKTHB- 
Hoii cTajiH CTaTOpa; b) BHeuiHHM HarpeBaHHeM; r) 
HHAyKTHBHbiMH noTepHMH b pOTope npH noA^ne Tpex- 
<|)a 3 Horo TOKa b odMomy CTaTOpa. 

CyiHKa Ha oSopOTaX npOH3BOAHTCH MeTOAOM KOpOT- 
Koro 3 aMbIKaHHH H BeHTHJIHIJHOHHBIMH nOTepHMH. 

Ilpn Bcex cnocoSax cyuiKH peKOMeHAyeTCH Bbinoji- 
HHTb cjieAyiomee: nepeA HanaJioM cyniKH ohhcthtb ot 
rpH 3 H H nblJIH Becb CTaTOp, 0 C 06 eHH 0 B03AyHIHbie H 


of enamel particles from the spray, improves working 
condition and reduces loss of varnish. The hoses are 
9.5 mm in diameter. 

To improve spraying, the enamels are diluted with 
benzol, white spirit, xylene, or other solvents with 
similar properties. 

5-5* DRYING OUT THE STATOR 
WINDING 1NSIJ LATION 

A. GENERAL PRINCIPLES OF DRYING 
AND TESTING 

An installed and wound stator has often a moist 
insulation which lowers its electric strength. Therefore, 
prior to high-voltage tests, the stator winding insulation 
is to be subjected to drying out. Tests without dry-out 
are allowed only in exceptional cases when the insula¬ 
tion resistance of each phase to ground, with all the 
remaining phases being grounded, at the working 
temperature is not less than 1 MOhm per every 1 kV 
of rated voltage. The coefficient absorption, which 
characterizes the ratio of the insulation resistance 
measured at 60 c to that measured at 15 c must not 

be lower than 1.3, i.e. K eo =—— — 1.3, when 

^15 

R qo and R 1$ are values of insulation resistance mea¬ 
sured at 60 and 15 c, respectively. 

Some technical publications alleged that moisture 
in the insulation does not affect tangibly its electric 
strength. A great amount of experimental data, however, 
cannot confirm this statement and therefore we recom¬ 
mend that moist windings should be dried out before 
high-voltage tests. 

The stator windings are dried out both at stand¬ 
still prior to lowering the rotor in place or after that, 
and on the run. Drying out at stand-still permits the 
time for commissioning the unit to be shortened by 
3—5 days because the stator will have been tested by 
the time when the unit is ready for mechanical run. 

At stand-still, the stator winding can be dried out 
by the following methods: (a) by copper losses, in the 
stator or rotor winding with current supplied from a 
d.c. source; (b) by iron losses in the stator; (c) by 
external heating; (d) by inductive losses in the rotor 
applying three-phase current to the stator winding. 

On the run, drying-out is effected by using the 
short-circuit and windage loss method. 

Whatever method of drying is used, the following 
should be carried out prior to drying-out: clean the stator 
from dirt and dust, especially air and cooling ducts, and 
then blow down the stator with dry compressed air. 
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BeHTHJiHAHOHHBie KaHajibi, a 3aTeM nponyTB CTaTop 
CyXHM OKaTbIM B03AyX0M. 

CneAyeT noAroTOBHTB >KypHaji cyniKH no (jjopMe, 
npHBeA^HHOH b Ta6ji. 10 h ao Hanajia cyniKH 3anncaTB 
b Hero HauajiBHyio TeMnepaTypy oGmotkh h oi<py>Kaio- 
mero B03Ayxa, HanajiBHoe 3HaneHne conpoxHBJieHHH 
H30JIHAHH H K03(|)4)HAHeHTa a6cop6n;HH Kqq = Rq 0 IR 15 . 


The record log for drying-out should be drawn 
up to the format given in Table 10. Before drying-out 
is started, the initial temperature of the winding and the 
ambient temperature, initial insulation resistance and 
absorption coefficient K = R 6 o/Ris should be entered 
in the log. 


TaSjiHAa 10 


T3C 

FHflpoarperaT Ns - 

(CTaHUHOHHblfi) 

acypHAJi cyniKH 


TeHepaTop CTamjHOHHbm Ns -3aBOfl-H 3 roxoBHTe jib _- Tun---3aBOflCKoii 

Ns ._ _ Moiuhoctb _ kBA HanpHJKemie - kB. Ckopoctb BpameHHfl--- o 6 /mhh. 

Cmia TOKa b oSMOTKe CTaTOpa - A. HaMajio cyniKH - KoHeu; cyniKH ---* 06man 

npOAOJUKHTCJIBHOCTB CyillKH _ U. ConpOTHBJieHHe H30JIHIJHH 06 MOTKH CTaTOpa 3aMepeHO MCrOMMCTpOM 

Ns _ HanpHHceHHH - B 3aBOAa-H3roTOBHTejiH-—-—- 

а) a° cyniKH - MOm; npH t = - °C; K Q0 = - 

б ) nocne cyimoi - MOm; npH t —- °C; N 60 = - 

ConpOTHBJieHHe H 30 jihuhh oSmotkh poTopa aaMepeno MeroMMeTpoM Ns - HanpHJKeHHH- B 

3aBO^a-H3rOTOBHTeJIH -----—-—- 

а) a° cyniKH - MOm; npn t —- °C 

б ) nocjie cyniKH - MOm; npn t — - °C 


Tok CTaTOpa no 
(Jta 3 aM, 

A 

Bo 36 yflHTejib 

TeMnepaTypa 

B 03 Ryxa, 

°C 

O 

o" 

o" 

< 

K 

1 

ss 

1 „ 
ffi § 

o 

u 

w 

«: 

§ 

i 

tt 

§ s 









TeMnepaTypa 06- 
motkh CTaTOpa 

(°C) 

no 4>a3aM 


TeMnepaTypa 
5Kejie3a ciaTopa 
(°C) 

no 4>a3aM 


ConpOTHBJieHHe h3ojihu;hh 
oSmotkh CTaTOpa (MOm) 
no q^a3aM h Meatfly hhmh 


npHMenaHHe. B nepBOH CTpOKe 3anHCt.iBaioT noKasaTejin j\o Hanajia cyniKH. 3 arm cl b 
H cypHajie b npouecce cyniKH np oh3bojihtch nepe3 1 — 2 n. KojinnecTBO jihctob h rpacjr ajih 
3anHCH b HcypHane ^ejiaTB no noTpeSHOCTH. 
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Table 10 


Hydroelectric power plant 

Hydropower unit No. — 
(power plant) 


DRYINCMHJT U)f. 


Power plant generator No. --— Manufacturer —- 

Power _ kVA. Voltage - kV. Speed - 

Drying-out started - Drying-out ceased - 

Insulation resistance of stator winding measured with megger No. 
Manufacturer —-—--- 

a) prior to dry-out --- MOhm at t- 

b) after dry out -- MOhm at t- 

Insulation resistance of rotor winding has been measured 
Voltage _ V, Manufacturer - 

a) prior to dry-out -— MOhm at t- 

b) after dry-out -—-MOhm at t- 


Type _ Serial No. 

_ rpm. Current in stator winding — 

Total duration of drying- 

-, voltage- 


- °C; K m 

- °C; K 60 

with megger No. 


°C 

°c 


- A. 

- h. 
_ V, 


Data 

Time 

Speed, 

rpm 

Stator current 
in each phase, 

A 

Exciter 

Ambient 

tem¬ 

perature 

°C 

Temperature 
of stator winding, 
°C 

in each phase 

Stator 

core temperature, 
°C, 

in each phase 

Insulation resistance of stator 
winding in each phase 
and between phases, 

MOhm 

Rotor winding 

resistance; MOhm 


O 

U 

current, 

A 

voltage, 

V 

at 

inlet 

at 

outlet 

Xj 

Xj 

xj 

xS 

Xj 

Xj 

XJ 

xj 

XJ 

XJ 

H 

XJ 

Xj 

II 

XJ 

XJ 

11 

XJ 

























Note: Entered in the first line are data prior to dry-out. Entries should be made in the course 
of dry-out every 1 or 2 hr. Number of sheets and columns in the log should be made a required. 


Conp othb jieHne h 30 jihijhh Ha/jo H3MepHTt MeroMMeT- 
pOM HaripHtfceHneM 2500 hjih 1000 B rjih ksdkaoh 4>a3bi 

OTtfeJIbHO, npH 3TOM CJieAyeT IIpOBepHTb H30JIHIJHK) 

oahoh (J)a3bi no othoiuchhio k Kopnycy CTaTopa h AByM 
ApyrnM 4>a3aM, coeAHHeHHbiM c KOpnycoM. 

Ecjih b oOmotkc CTaTopa rieHTpajibHbie bbiboafi 
H eAOCTynnbi, T.e. He HMeioT BbraeAeHHbix kohijob, to 
conpOTHBJieHHe h 30 jihijhh otho cuTejibHo Kopnyca Hync- 
ho 3 aMepHTb oAHOBpeMeHHO ajih Bcex Tpex 4>a3. TaKHM 
nee cnocoOoM 3aMepHK>T h30jihahio Bcex xpex <J)a3 b 
npoitecce cyuiKH mctoaom KOpOTKoro 3aMbiKaHHH Ha 
oOopoxax arperaTa. B stom cjiynae Merrep npncoeAH- 


The insulation resistance must be measured with a 
2500- or 1000-V megger for each phase separately, 
with the insulation of one phase being tested with 
respect to the stator frame and two other phases con¬ 
nected to the stator frame. 

If the stator neutral leads are not accessible, i.e. 
they are not brought out, the insulation resistance to 
ground must be measured simultaneously for all the 
three phases. The same method is used for measuring 
the insulation of all the three phases in drying-out by 
short-circuiting the generator on the run. In this case, 
the megger is hooked up to the stator winding only 
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hhiot k odMOTKe cxaxopa TOJibKO nocjie chhthh c arpe¬ 
raTa B036y>KAeHHH c cobjiiOAeHHeM Bcex npaBHJi Tex- 
HHKH 6e30naCH0CTH. Ilo OKOHHaHHH 3aMepOB H30JIHIJHH 
obMOTOK KOHIJbl oSmOTOK HeoSxOAHMO COeAHHHTb c 
3eMJieH, HTO0bI CHHTB CKOnHBHIHHCH B odMOTKaX 3apHA? 
nojiyueHHbiH hmh ot Merrepa, h TeM caMbiM npeAoxpa- 
HHTb nepcoi-iaji ot HecnacTHoro cjiyuan. 

JXjih Toro, HToSbi nojiyuHTb npaBHJibHbie pe3yjib- 
TaTbi Ka>KAoro 3aMepa, k HcnbiTyeMOH o6motkc HaAO 
npHKJiaAbiBaTb HaripH>KeHHe HeH3MeHHoii BejiHHHHbi, 
hto odecneHHBaeTCH BpamemieM Merrepa c iioctohhhoh 
CK opocTbio. Jlymue Bcero HcnoJib30BaTb Merrep c Mexa- 

HHHeCKHM MOTOpHbIM npHBOAOM. 

B npouecce cyuiKH oSmotkh 3aMepbi conp othb jichhh 
H 30 JIHAHH peKOMeHAyeTCH AeJiaTb nepes 2—3 n, sann- 
cbiBan AaHHbie b ncypHaji cyuiKH. Ilo AaHHbiM 3aMepoB 
CTpOHT KpHByiO CymKH. >npH 3T0M CJieAyeT HMeTb B 
BHAy? HTO AaHHbie 3HaneHHH COnpOTHBJieHHH H30JIHIJHH, 
nojiyneHHbie npn pa3JiHHHbix TeMnepaTypax, HeAocra- 
tohho HarnHAHO xapaKTepH3yioT noJio>KeHHe rqji no 
cyiuKe, noaTOMy no aocthhcchhh HopMajibHOH TeMnepa- 
Typbi cymKH (80—85°C), ee CJieAyeT Aepn<aTb HeH3- 
MeHHOH. 

Bo H36e>KaHHe MecTHbix neperpeBOB noAHHMaTb 
TeMnepaTypy cyuiKH Bbinie 85°C hh rjik Kanoro KJiacca 
H30JIHAHH He peKOMeHAyeTCH. B nponecce cymKH TeM¬ 
nepaTypy noAHHMaiOT TaKHM o6pa30M, UToSbi npupocT 
ee b TeueHHe oahoto naca 6biJi He 6ojiee 5°C. 

CoCTOHHHe H30JIHAHH XapaKTepH3yeTCH KaK K03(J)“ 
(JjHAHeHTOM aScopbAHH K=RqJR 15 , Tan h aScojnoTHbiM 
3 HaneHHeM i? 60 . Cyxan h30Jihijhh oSbihho HMeeT ko3<J)- 
(J)HAHeiIT abcopSlIHH, paBHblH 2 HJIH HeCKOJIbKO MeHb- 
iuhh, ho He MeHee 1,3. 

AGcojiioTHoe >Ke 3HaneHne conpoTHBJieHHH h30jih- 
Ahh, 3 aMepeHHoe npn 60 c (R 60 ), He HopMHpyeTCH, 
xoth Ha npaKTHKe cnHTaioT, hto oho npn paOonen 
TeMnepaType aoji>kho 6biTb He MeHee 1 MOm Ha 1 kB 
HOMHHajibHoro HanpH>KeHHH. B npoijecce cymKH conpo- 
THBJieHne H30JIHAHH oOmotkh oSbiHHO BHanajie CHH- 
>KaeTCH, a npofiAH MHHHMyM, HanHHaeT B03pacxaTb. 

IIpH cyxoii H30JIHAHH noKa3aHHH Merrepa B03pacTaioT 
npHMepHO b TeneHHe nepBbix 10 mhh BpameHHH Mer¬ 
repa. B yBJia>KHeHHOH h30jihijhh B03pacTaHHe nona- 
3aHHH Merrepa npeKpamaexcH b nepBbie 2—3 mhh. 

CyrnKa cuHTaexcH 3aKOHneHHOH b tom cjiynae, ecjin 
npn ycTOHUHBOH TeMnepaType oSmotkh aScojiioraoe 
3HaneHHe conpoTHBJieHHH h30JIHAHH oOmotok 6yAeT 
Aep>KaTbCH npaKTHnecKH HeH3MeHHbiM b TeueHne 5—6 
n (pHC. 119). 


after de-excitation of the unit with strict observance 
of safety regulations. Once the winding insulation 
has been tested, the winding leads must be grounded 
to remove the charge induced on the winding by the 
megger and thus to protect the personnel from acci¬ 
dents. 


Reliable readings are secured by applying a constant 
voltage value which is achieved by rotating the megger 
at a steady speed. It is best to use a megger with a 
mechanical motor drive. 

In the course of drying, the insulation resistance 
must be measured at 2 or 3-hour intervals, with readings 
being entered in the record log. A drying-out curve 
is to be plotted basing on these readings. It should 
be remembered that insulation resistance readings 
taken at different temperatures cannot reflect ade¬ 
quately the status of dry-out, therefore upon attaining 
a normal drying temperature (80—85°C) it should be 
held constant. 

It is not recommended that the drying temperature 
be raised above 85°C for any class of insulation to 
avoid local overheating. In the course of drying, the 
temperature must be raised so that its build up should 
not exceed 5°C per hour. 

The condition of the insulation is characterized 
both by the absorption coefficient K = R 60 /R 15 and 
by the absolute valve of R 60 . The dry insulation usually 
has an absorption coefficient of 2 or somewhat below 
it, but not less than 1.3. 

The absolute value of insulation resistance measured 
at 60 c (R 60 ) is not specified, though in practice it is 
thought that the absolute value at working temperature 
should not be lower than 1 MOhm per 1 kV of rated 
voltage. In the course of drying, the resistance of wind¬ 
ing insulation first tends to drop, but on passing a 
minimum value it starts to rise. 

When the insulation is dry, the megger readings 
rise within about 10 minutes. In a moist insulation, 
the megger readings stop rising within 2 or 3 minutes. 

Windings are usually considered to be dry when 
their absolute insulation resistance at a constant tem¬ 
perature remains steady for a period of 5 or 6 h 
(Fig. 119). 


MOM 



K 

2.5 
2 

1.5 
10 


Phc. 119. rpacjjHK cyuiKH o6motkh CTaTopa: 

1 — KpHBan K03<J)(J)Hu:HeHTa a6copou;HH ; 2 — KpHBaa TeMneparypti; 
3 - KpHBaH conpoTHBJieHHH H30JIHIJHH 


Fig. 119. Diagram of draying-out of stator winding: 
1 — absorption coefficient curve; 2 — temperature curve; 3 — insulation 
resistance curve 
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B npoitecce cyuiKH hcoSxoahmo C03AaBaTB ycjiOBHH 
Aah nepHOAH^ecKOH b eriTH aaijhh, uTodbi yxoAHiqyio H3 
H30JIHAHH BJiary MO>KHO 6bIJIO yAaJIHTL H3 30HBI CTaTOpa. 

E, CyinKA nOTEPHMH B M EJSJit OjBMOTOK 
CTATOPA IIPH HHTAHHM OT HCTCDIHHKA 

nocTOHHHoro toka 

CyniHTb oSmotkh CTaTOpa npn nwramm ot hctoh- 
Hiii<a nocTOHHHoro TOKa mo>kho bo Bcex cAyuanx, 
Kor^a H30J1HB.HH o6motkh ne ocoSeHHo yBJia>KHeHa 5 T.e. 
Kor^a OHa He Mo>KeT Sbitl noABep>KeHa BpeAHOMy 
SJieKTpOJIHTHHeCKOMy AGHCTBHK) nOCTOHHHOrO TOKa. 

npH cyiHKe noTepHMH b Me ah oflMOTKy CTaTOpa 
Ha^o coeAHHHTt TaK, hto6bi no BceM (JmaM npoTeKan 
TOK OAHHaKOBOH BeJTHHHHBI. OSbIHHO BCe TpH (j)a3LI 
coeAHHHioT nocjieAOBaTejiLHo. BejiHHHHa MancHMajib- 
Horo TOKa 3aBHCHT OT ycjiOBHH, npH KOTOpbIX MOHeeT 
6biTb nojiyneHa HeoSxoAHMan rjix cyniKH TeivinepaTypa. 
Kan npaBHjio, CHjia TOi<a b stom cjiyuae cocxaBJineT 
0,45—0,70 HOMHHajiLHoro 3HaneHHH, hto oflecneuHBaeT 
HarpeB ao MaKCHMajiBHo AonycTHMon TeMnepaiypbi. 
Hanpn>KeHHe h moiai-ioctb, noTpeCjineMyio npn TanoM 
cnocoSe cyniKH, onpeAejiniOT no (£>opMyjiaM : U= IR h 
P = I 2 R, rAe R — conpoTHBJieHHe no ctohhho My Tony; 
P — moiahoctb, noTpe6jineMaH npn cymne; I — cHJia 
Tona; U — HanpiDKemie. 

JJah cyniKH sthm wiocoSom b rjenb BKJiionaiOT 
peocTaT, KOTOpbiM nepeA OTKAiouermeM nmaHna cra- 
Topa npeABapmejibHO CHn>KaK)T ycraHOB AeHHy io cHJiy 
Tona. 3 to no3BOJineT H36e>i<aTL npoSon hsoahahh ot 
3KCTpaTOKOB . B KauecTBe HCTOui-iHKa nnTaHHH MOH<ex 
6biTb npHMeHeHa Mamm-ia no CTOHHHoro Tona c homh- 
HanbHbiM tokom He MeHee 40% Tona CTaTOpa renepa- 
Topa. ^acTo Hcnojib3yiOT B036yAHTenH coceAHnx pa6o- 
xaioiAHx arperaTOB hah pe3epBHbie B036yAHTeAH T3C. 

B HacToaiAee BpeMH rjix cyniKH oOmotok CTaTopa 
CT3AH HinpOKO npHMeHHTb MHOTOnOCTOBbie CBapOHHbie 
npeo6pa30BaTeAH. Boabuihm aoctohhctbom sthx arpe¬ 
raTOB HBAHeTCH TO, HTO HX MO>I<HO COeAHHHTb nOCAe- 
AOBaTeAbHo, a noCAeAOBaTeABHO coeAHHeHHbie rpynnbi 
MoryT paOoTaTB b napaAAeAB. Tanan MaHHiiyAHAHH b 
coeAHHeHHHx He orpaHHHHBaeT bo3mo>khocth hx npn- 
MeHeHHH. 

OOMOTKy CTaTopa mohcho TaK>i<e cyniHTB npn noAane 
nOCTOHHHOrO TOKa b oSMOTKy poTOpa. 

Ecah b nponecce cyniKH oSmotkh Ha CTaTope HAyT 
MOHTa>KHbie paSoTbi, to CAeAyeT hmctb b BHAy ManiHT- 
Hoe npHTHHceHHe MeTaAAa k aKTHBHOH craAH CTaTopa. 
3 to npoHcxoAHT 3a cueT npoTeKaHHH nocTOHHHoro TOKa 
no o6motkc CTaTopa. 

Ecah odMOTKy cyuiaT npn onymeHHOM poTope, to 
ero CAeAyeT pacK ahhhtb othochtcabho CTaTopa MeA- 
HblMH, reTHHaKCOBbIMH, TeKCTOAHTOBbIMH HAH APyrHMH 
kahhbhmh, HxoObi npeAOTBpaTHTB ropH30HTaABHbie ne- 
peMemeHHH CTaTopa h poTopa. Kahhbh yCTaHaBAHBaioT 


During drying-out, conditions must be provided 
for regular ventilation to evacuate moisture given out 
by the winding insulation. 

B- DRYING-OUT BY COPPER POSSES 
IN STATOR WITH CURRENT SUPPLIED 
FROM A D.C. SOURCE 

It is possible to dry out the stator winding by 
applying direct current in all cases when the winding 
insulation is not heavily moist, i.e. when cannot be 
subjected to deterious electrolytic effect of the direct 
current. 

When drying out by stator copper losses, the wind¬ 
ing must be connected so that an equal current flows 
over the three phases. Usually, the phases are series- 
connected. The magnitude of maximum current depends 
on the conditions under which the drying temperature 
is attained. The current in this case usually amounts 
to 0.45—0.70 of the rated value, which provides heating 
up to the maximum allowable temperature. Voltage 
and power consumed in drying up by this method, 
are determined from the following formulae: V = IR 
and P = I 2 R, 

where R — d.c. resistance; P — power consumed in 
drying-out; / — current; V — voltage. 

Drying-out by this method requires incorporation 
of a rheostat in the circuit by which the set amperage 
is lowered down prior to the disconnection of the 
stator current source. 

This prevents insulation breakdown due to surge 
currents. A d.c. machine with a rated current not 
lower that 40% of the stator current can be used as 
a power source. Very often the exciter of an adjoining 
running unit or a stand-by exciter of the hydroelectric 
power plant are used. 

At present, multi-operator welding transformers 
find wide application in drying-out the stator windings. 
The advantage of these machines consists in the possi¬ 
bility of connecting them in series while series-con¬ 
nected groups can operate in parallel. Such a manipula¬ 
tion with connections does not limit possibilities of 
their application. 

The stator winding can be also dried out by applying 
direct current to the rotor winding. 

If during drying out erection work is underway on 
the stator, one should take into account magnetic 
attraction of metal to the stator core. It happens due 
to direct current flowing through the stator winding. 

If the winding is dried out with the rotor lowered 
in place, it must be blocked with respect to the stator 
by means of cooper, micarta, textolite or other wedges 
to preclude horizontal displacement of the stator and 
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b Me>K>KeAe3HOM npocTpaHCTBe Me>KAy pacrouKOH CTa¬ 
Topa h noAiocaMH poTopa. 

Tok b npoijecce cyniKH aoa>kch HapacraTB b 3aBH- 
chmocth ot AonycTHMoro npnpocTa TeMnepaTypbi, ho 
He floABiue 10% HOMHHaABHoro TOKa CTaTopa b TeueHHe 
1 h. HoMHHaABHbiH tok cyniKH He aojdkch npeBbiuiaTB 
80% HOMHHaABHoro TOKa CTaTopa. B Hauajie cyniKH tok 
AOA>KeH Sbitb He 6ojiee 30% HOMHHaABHoro TOKa CTaTopa. 

HtoSbi oflecneuHTB paBHOMepHbiii HarpeB o6motok 
h yMeHBHiHTB pacxoA Teruia Ha cyuiKy, hcoSxoabmo 
xopomo yTenAHTB CTaTOp reHepaTopa, ocodeHHo ao6o- 
Bbie uacTH o6moti<h, KOTopbie mo>kho yTenAHTB HanpaB- 
AeHHblM Ha HHX B03AyXOM H3 HeflOABIHHX B03JS^X0JjyB0K. 


rotor. The wedges are to be fitted in the air gap bet¬ 
ween the stator bore and the rotor poles. 

In the course of drying the current must rise depend¬ 
ing on the allowable increment of temperature, but not 
over 10% of the rated stator current within 1 hour. 
The rated drying current must not exceed 80% of the 
rated stator current. In the beginning of drying, the 
current must not exceed 30 % of the rated stator current. 

To achieve a more uniform heating of the winding 
and to reduce heat consumption for drying, the stator 
and, in particular, the end windings must be adequa¬ 
tely warmed up. This can be done by directing an air 
flow from small air blowers. 


B t CyiUKA HOTEPSMH B CTAJIH CTATOPA 

CyiAHOCTB 3Toro cnocoda cboahtch k HarpeBy 
cepACMHHKa CTaTopa noTepHMH Ha rHCTepe3HC h TOKaMH 
OyKO b aKTHBHOH CTaAH CTaTopa 3a cneT co3AaBaeivioro 
MarHHTHoro noTOKa ot naMarHHUHBaioiiieH o6motkh. 
CyniHTB odMOTKy TaKHM chocoOom peKOMeHAyeTCH 
toabko 6e3 onymeHHoro poTopa, TaK KaK c onymeH- 
HBIM pOTOpOM IieoGxOAHMO H30AHpOBaTB OT 3CMAH BaA 
poTopa H, KpOMC Toro, 3aTpyAHHTeABHa HaMOTKa BHT- 
kob h A^ABHeHuiaH padoTa Ha arperaTe. 

Bhtkh o6motkh mo>kiio pacnoAaraTB paBHOMepno 
no KOABAy hah cocpeAOToueHHo b oahom MecTe 
(pHC. 120). 

YTrodbi He AonycraTB mccthbix neperpeBOB, ctbikh 
cerMeHTOB CTaTopa nepeA cyuiKOH o6motkh neodxoAHMO 
coe ahhhtb, npHBapHB nnacTHHKH k o6ohm cerMemaM 
Ka>KAoro CTbiKa. KpOMe Toro, HaAo TinaTeAbiio npOBe- 
pHTL, HeT AH KaKHX“AHdo MeTaAAHHeCKHX HpeAMCTOB 
b CTaAH CTaTopa, KOTopbie MoryT npHBecTH k ee 3aMbi- 
KaHHio, neperpeBy h noBpe>KAeHmo. 


C. DRYING-OUT BY IRON LOSS IN STATOR 


This method boils down to heating the stator core 
by hysteresis and eddy-current losses in the stator 
iron due to a magnetic flux induced by the magnetizing 
winding. Such a method is recommended for draying 
out the winding when the rotor is not yet in place, 
because with the rotor lowered in place, its shaft must 
be isolated from ground and, besides, the winding 
operations and further work on the unit become 
complicated. 

The winding turns can be arranged uniformly over 
the circumference or concentrated in one place 
(Fig. 120). 


Prior to drying out the winding, the stator sections 
must be connected by means of plates welded to both 
sections of each joint to preclude local overheating. 
Besides, the stator core must be carefully inspected for 



r r,. 
-f-B 


Phc. 120. Cxejwa cyniKH CTaTopa noTepHMH b aKTHBHOH 
CTajin: 

1 — cTaTop reHepaTopa; 2 — HaMarm-rquBaiomafl oSiwoTKa; 3 — py- 
Ghjibhhk; 4 — TpaHctJjopMaTop co6cTBeHHbix 

Fig. 120. Circuit arrangement for stator drying-out by 
losses in the core 

1 —generator stator; 2 —magnetizing winding; 3 — knife-switch; 
4 — power plant service transformer 
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HaMaTMBaTB HaMarHHHHBaiomHe bhtkh cjieAyeT Tan, 
*rro6t>i yrjibi Hapy>KHoro h BHyTpCHHero KOHTypoB 
CepAC^HHKa 6bIJIH AOnOJIHHTeJlbHO H30JIHp0BaHbI OT 

npOBOAa npeccmnaHOM hjih ^pyrran H30JiHpyiomHMH 
npoKJiaAKaMH. B cjiynae HaMOTKH A B Y X SoJiee 

napajiJiejibHbix BexBeH tok no hhm HaAO nanpaBjinTb b 
OAH y CTOpoHy. 

BBHAy Toro, hto b jnrrepaType tohhbix <j)opMyji A-^n 
noAcnexa HaAiarHmHBaiouj;eH o6motkh Her, a no smiih- 
pnnecKHM cjpopiviyjiaM noAcneT MajieKO He ToneH, b 
xa6ji. 11 npnBeAeHbi HenoTopbie onbiTHbie AaHHbie, 
Ha KOTopwe mo>kho opneHTHpoBaTBCH npH noASope 
HaMarHHHHBaiomeH o6moxkh, nocKo:ii>Ky 3xh AaHHBie 
6bijih npoBepeHbi Ha npaKTHKe. 


metal objects which may cause short-circuit, over¬ 
heating, or damage. 

Magnetizing coil turns should be wound so that 
the angles of the outer and inner core circuits are 
additionally insulated from the conductor with press- 
board or some other insulating liners. If two or more 
parallel circuits are wound, the current through them 
should flow in one direction. 

Since there are no accurate formulas for the calcu¬ 
lation of the magnetizing winding while empirical 
formulas give results which are far from accurate, 
some experimental data are given in Table 11 which 
may be referred to in selecting the magnetizing wind¬ 
ings because these data have been proved in practice. 


T a 6 ji h a a 11 

no gviukt obmotok gtatopob iiotuphm.h » \Knmnoi1 otajih 


Pa3Mepbi 

cepACMHHKa eraTOpa, 

MM 

Macca, 

T 

Onpy- 

Hfaioinafi 

TeMnepa- 

Typa, 

°C 

CnJia 

noflaBae- 

moto 

TOKa, 

A 

Hanpn- 
HfeHHe, 

B 

Hhcjio 

BeTBefi 

HaMar- 

HHHHBaiO- 

uieH 

oSmotkh 

Hhcjio 

BHTKOB 

B 

KaiKAoii 

BeTBH 

HaMar- 

HHran- 

Baiomeft 

oSmotkh 

CeneHne 

NieflHoro 

npoBo^a, 

MM® 

A-raiia 

npoBOAa, 

M 

MaK- 

CH- 

ManbHaH 

TeMne- 

paTypa 

cymKH, 

°C 

BpeMH 

HarpeBa 

AO 

MaKCH- 

MajibHoft 

TeMnepa- 

Typbi, 

BpeMH 

cyiHKH, 

AnaMeTp 

BbICOTa 

cepflen- 

HHKa 

Bcero 

eraTOpa 

HapyjK- 

HhlH 

BHyT- 

peHHHH 

8550 

7970 

1650 

40 

130 

+29 

560 

380 

1 

11 

: 150 

77 

90 

24 

120 

5300 

4770 

840 

13,5 

46 

+2 

290 

380 

1 

18 

150 

54 

75 

28 

180 

4380 

3850 

1200 

18 

50,5 

+ 6 

410 

380 

1 

7 

90 

35 

80 

30 

160 


Table 11 


EXI’KRIMENTAI DATA ON DRY INC; THE STATOR WINDING WITH COItlC LOSSES 


of 

Size 

stator core, 
mm 

Mass, 

t 

Ambient 

tempe¬ 

rature, 

°C 

Supply 

current, 

A 

Voltage, 

V 

Number 

of 

paths 

in 

mag¬ 

netiz¬ 

ing 

winding 

Number 

of 

turns 
; in 

each 
path 

Cross- 

secti¬ 

onal 

area 

of 

copper 

wire, 

mm* 

Length 

of 

wire, 

m 

Maxi¬ 

mum 

drying 

tem¬ 

per¬ 

ature, 

9 °c 

Time 
re¬ 
quired 
to heat 
up to 
maxi¬ 
mum 
tem¬ 
per¬ 
ature, 

h 

Drying 

time, 

h 

Diameter 

height 

core 

stator 

outer 

inner 

8550 

7970 

1650 

40 

130 

+29 

560 

380 

1 

11 

150 

77 

90 

24 

120 

5300 

4770 

840 

13.5 

46 

+2 

290 

380 

1 

18 

150 

54 

75 

28 

180 

4380 

3850 

1200 

18 

50.5 

+ 6 

410 

380 

1 

7 

90 

35 
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I 1 VIII If A BHEIIIUQM IlArr-ER uhiem 

flpH cyniKe BHeuiHHM HarpeBaHHeM b KauecxBe 
HCTOHHHKa Tenjia mo>kho npuMemm. pacnojioHceHHbie 
BHyTpn cxaTopa aneKxpHuecKHe neuH, nnoiHO co6- 
paHHbie napoBbie daxapen h B03flyxoAyBKH. HaHjiyu- 
mHii BapnaHX npn xaKOM cnocode cyiHKH — couexaroie 
B 03 flyxoAyBOK c BJieKxpo- h napoHarpeBaxexmMH. 

ripn odAyeaHKH ropriumvi B03AyxoM, a xaioKe h bo 
Bcex Apyrnx cnyuaux cneAyex BHHMaxenBHo cneAHXb, 
nxodbi xeMnepaxypa B03Ayxa, conpHKacaiomerocH co 
BceMH ynacxKaMH o6moxkh. He npeBbicnjia 90°C; sxo 
no3BOJiHx H36en<axb MecxHbix neperpeBOB. KpoMe xoro, 
HaAO AodHBaxbCH paBHOMepHoro HarpeBa bo Bcex 30Hax 
o6moxkh c KOJiedaHHHMH xeMnepaxyp He donee 10°C. 

BnonHe noHHXHO, hxo xhkhm cnocodoM mojkiio 
cyuiHXb cpaBHHxenBHO Hedojibrnne cxaxopbi, xan Kan 
cyuiKa cxaxopoB dojibuinx radapnxoB noxpedyex coopy- 
jKeHHH BecbMa conHAHoro cxeHAa. 


A„ cyniKA hiiaykth von ahii 14 mii 
OOTBMMH B POTOPI! 

CyillKy CXaXOpHOH odMOXKH H OAHOBpeMeHHO nonio- 
COB poxopa HHAyKXHpOBaHHbIMH IIOTepHMH B pOXOpe 

mo>kho npHMeHHXb b xex cjiynaax, norAa b cxaxop 
onymeH poxop h norAa y reHepaxopa Hex npoBOJiouHbix 
fi annaw m. TeHepaXOpbl C npOBOAOHHblMH daHAa>KaMH 
((j)HpMa AEG) cyiHHXb 3 xhm cnocodoM KaxeropmecKH 
aanpemaeTCH. 

Cyxb axoro cnocoda cymKH cboahxch k noAaue b 
odMOXKy cxaxopa nepeMeHHoro xpex(j>a3Horo xona Ha- 
npn>KeHHeM 220—380 B, KoxopbiH co3Aaex Bpaiqaio- 
meecu MarHHXHoe none h Bbi3biBaex b poxopHbix 
KOHxypax noxepn h HarpeB. B sxom cnyuae npn cyuiKe 
HeodxoAHMO ydeAHXbcn b oxcyxcxBHH MecxHbix Harpe- 

BOB MaCCHBHbIX Mexajl-'IH'ICCKHX ,'lCTaiieH. 

Ha npanxHKe noAodHbiH cnocod npHMeimexcH Becb¬ 
Ma peAKO, noxoMy hxo npn cymne npaKXHHecKH npe- 
KpauiaioxcH Bee MOHxa>KHbie padoxw. I Ipori3BOAHXi> 
nee cyrnny, norAa mohx3>k reHepaxopa 3aKOHneH, He 
HMeex CMbicna, xai< nan nyuinc oto AC-iaxi, Ha odopoxax 
arperaxa MexoAOM KopoxKoro 3aMbiKaHHH hah bchxh 

AHAHOHHblMH IIOXepHMH. 


E. CYIUKA OBMOTOK HPAIAAIDlUErOCM 
rEHEPATOPA METOflOM ICOPOTKOIO 
3 AMLIKAIIHH IS BEHTHJIHH,HOHMMMH 
1 IOTEPMMH 

n P n cymne mcxoaom KopoxKoro 3aMbii<aHHH Kopnyc 
cxaxopa 3 a 3 eMAHiox k KOHxypy 3a3eMneHHH h Bee xpn 
tj)a3bi 3aMbiKaiox HanopoxHO ycxaHOBKoii Ha BbiBOAax 
reHepaxopa 3 aKopoxoK, }Kenaxeni>HO ycxaHaBAHBaxb 
3 aKopoxKH AO BbiKmouaxeAH. Ecah 3aKopoxKH ycxa- 
HOBneHbi 3a BbiKAiouaxeneAi, xo ero hcooxoahmo 33kah- 
HHXbj a BbiKAiouaiomHe neroi oxcocahhhxb , xan nan b 
cnynae oxhaiohchha BbiKmouaxenn b npopecce cymKH 
Ha reHepaxope hohbhxch nanpHAceHHe, paBHoe npnMep- 
HO HOMHHanBHOMy . To H<e caMoe cneAyex hmcxb b BHAy 


i) np vim: on uv externai heating 

Built-in electric heaters, tight steam radiators, and 
air blowers can be used for drying out by external 
heating. The best way is by drying-out with a combina¬ 
tion of air blowers and electric or steam heaters. 

When blowing with hot air and in all other cases, 
care should be taken to see that the temperature of 
air contacting with all parts of the winding does not 
exceed 90°C to avoid local overheating. Besides, uni¬ 
form heating must be attained in all zones of the 
windings with temperature variations not exceeding 
10 °C. It is quite clear that this method of drying can 
be applied to relatively small generators. 

E. PRYING OUT BY INDUCTIVE LOSS 
IN ROTOR 

Inductive losses in the rotor can be applied for 
drying out the stator winding and simultaneously the 
rotor poles in case the rotor is lowered in place and 
there are no wire bands on the generator. It is strictly 
prohibited to dry out the generator with wire bands 
(AEG firm) by this method. 

This method consists in applying three-phase alter¬ 
nating current at 220—380 V to the stator winding, 
which creates a rotating magnetic field and causes 
losses and, hence heat liberation in the rotor circuits. 
While drying out by this method, one should make sure 
that there is no local overheating of large metal parts. 

In practice this method is used rather rarely because 
during the dry-out period practically all erection and 
installation operations are suspended. Once the instal¬ 
lation of the generator has been completed there is 
no sense in applying this method because it would 
be better to do this by short-circuit or windage losses 
on the running unit. 


T, drying-out oe windings ON running 

GENERATOR BY SI TOR'T-C \R(V \T 
AND WINDAGE LOSS METHODS 

When drying out by the short-circuit method, the 
stator frame is connected to the ground system while 
all the phases are short-circuited by placing shorting- 
out jumpers across the generator terminals. It is recom¬ 
mended to place the shorting-out jumpers in front 
of the circuit breaker. When the shorting-out jumpers 
are installed behind the circuit breaker, the latter has 
to be blocked up and its tripping circuits disconnected 
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HecKOJibKnx no cjieAOB aTe jibho coe^HHeHHbix crep>KHefi. 
Tan nan b rHAporeHepaTopax napajuieJibHbix BeTBen 
MHoro 5 to h cncTeMa TepMOKOHTpojiH nojiyuaeTCH rpo- 

M03AK0H. 

Tan, HanpnMep, Ha KpacHonpcnoH T3C hhcjio 
KOHTpojiHpyeMBix Tonen Ha Kan-c^oM cTaTope paBHo 348. 

IIpH 3TOM CHCTeMa HaA^KHO (j)HKCHpyeT COCTOHHHe 
oSmotkh jihihb b tom cjiynae, Kor^a Bee 348 ojieMeHTOB 
yjio>i<eHbi b Hy>KHBie nasbi h flaiOT npaBHjibHbie noKa- 

3HHHH. 

Sfleci. cjieAyeT otmcthtb, hto ao HacTonmero Bpe- 
MeHH He najia>KeHa cHrHajiH3aiuiH Ha OTKJHoneHHe h 
pa3B036y>KAeHHe reHepaTopa npn HeAonycTHMOM no- 
BbimeHHH TCMnepaTypti b KaKOH-jmfio bctbh oSmotkh. 
JJjih yjiytimeHHH uaRcmnocm pafloTbi boahhoh 

CHCTeMbI H B03M0>KH0CTH OTKJHOHeHHH HeKOTOpbIX 3Jie- 

MeHTOB CHCTeMbi 6e3 ocTaHOBKH arperaTa h rjw yMeHb- 
HieHHH OTJIOHCeHHH Ha cTeHKax npOB o ahhkob OKHCJIOB 
MeAH 5 a TaKHce Rim noAAepncaHHH b BOAe OTHocHTejibHo 

BbICOKHX H30JIHAH0HHBIX CBOHCTB (He MeHee 30 kOm/ 
cm 3 ), KpOMe o6m;eH CTamjHOHHOH BOAOoxjiajKAaiomeH 
CHCTeMbi Ha nancAOM reHepaTope BBeAeHa BecbMa 
cjio>KHaH, HenpepbiBHO AencTByioman ijHpKyjiHAHOHHO- 
OHHCTHTeJIbHaa CHCTeMa. OHa COCTOHT H3 AHpKyjIHAHOH- 
HbIX OCHOBHbIX H pe3epBHOrO HaCOCOB; MexaHHHeCKHX 
H BOAHHbIX TenJIOoSMeHHHKOB; MexaHHHeCKHX, MaTHHT- 
Hbix, HOHOoSMeHHbix (JjHjibTpoB; peryjiHTopa TeMnepa- 
Typbi oxjia>KAaromeH boabi; pacmupHTejibHoro Sana, 
a TaioKe npnOopoB kohtpojih h aBTOMaraKH. 

YcTaHOBKa Ha KpacHonpcKofi F3C b 3 Ty cncTeMy 

MarHHTHbIX H HOHOOSMeHHblX (j?HJIbTpOB, Hepe3 KOTO- 
pbie HenpepbiBHO npoxoAHT okojio 10% oflmero kojih- 
necTBa oxjia>KAaiomeH boabi, no3BOJiHJia 3HauHTejibHO 
noAHHTb ypoBeHb conpoTHBJieHHH AHCTHJiJiaTa (c 30 — 
40 ao 120—150 kOm/cm 3 ). 

BBeAeHHbin b CHCTeMy peryjiHTop oxna>KAaK>meH 
BOABI n03B0JIHJI aBTOMaTHHeCKH nOAAOp>KHBaTb noCTO- 
hhctbo TeMnepaTypbi He3aBHCHMO ot Harpy3KH Ha reHe¬ 
paTope. 

Tan nan rn ap orenepaTopbi c HenocpeACTBeHHbiM 
BOAHHbiM oxjia>KAeHHeM oSmotkh paOoTaioT npn Sojib- 
inen oiiothocth Toi<a b oSmotkc, a c toaob aTe jilho, h c 
Gojibrnen HHAyKAHefi b 3a3ope, o6motk3 HcnbiTbiBaer 
Gojibinne OJieKTpoAHHaMHnecKHe ycrnina nan b nepe- 

XOAHblX, TaK H B y CTaHOBHBIHHXCH pOKHMaX, HTO 
Bbi3biBaeT Sojibinne BHflpaijHH jioSoBbix nacTen. Iloa- 
TOMy 3Aecb KpenjieHHe oSmotkh b na3y h k OaHAancHbiM 
KOJIbAaM AOJl>KHO npOH3BOAHTbCH HCKJHOHHTeJIBHO Tllja- 
TeJIbHO H HaAOKHO. 

B AejioM npn BbinojmeHHH Bcex oOmotoahhix paSoT 
3Aecb AOJi>KHa coSjiioAaTtcn 6ojiee BbicoKan KyjibTypa 
npOH3BOACTBa. 


yet sufficiently reliable. The control involves measu¬ 
rement of the temperature of water at the inlet and 
outlet of each parallel circuit of the winding consisting 
of several series-connected conductors. Since the hydro¬ 
generators have a great number of parallel circuits, 
the temperature control system is rather cumbersome. 

The number of points under control on each stator 
of the Krasnoyarsk hydroelectric power plant, for 
example, amounts to 348. 

Moreover, such a system will indicate the condition 
of the winding only in case all the 348 control elements 
are embedded in the proper slots and give correct 
readings. 

It should be pointed out that until the present 
time there has not been developed a reliable warning 
system for disconnecting and de-exciting the generator 
upon the occurrence of inadmissible temperature rise 
in any path of the winding. 

Apart from the general power plant water-cooling 
system, each generator is equipped with a very com¬ 
plicated continuous purge system which functions to 
improve reliability of the cooling water system opera¬ 
tion, to make it possible to disconnect some elements 
without stopping the hydropower unit, to diminish 
copper oxide deposits on the conductor inner surfaces, 
and to maintain rather high insulating properties in 
water (minimum 30 kOhms per cu.cm). The conti¬ 
nuous purge system consists of a few main circulating- 
water pumps and a stand-by pump, mechanical and 
water heat exchangers, mechanical, magnetic, and ion- 
exchange filters, cooling water temperature controller, 
expansion tank, instrumentation, and automatic-con¬ 
trol devices. 

Magnetic and ion-exchange filters installed in this 
system on the Krasnoyarsk hydroelectric power plant 
continuously pass about 10% of the total amount of 
cooling water so that the resistance level of the distil¬ 
late has been considerably increased (from 30 or 40 
to 120 or 150 kOhms per cu.cm). 

The cooling water temperature controller has made 
it possible to automatically maintain constant the 
temperature of water irrespective of the generator load. 

Since the water-cooled hydrogenerators run at a 
high current density in the winding and, hence, at a 
high flux density in the air gap, the winding takes 
heavy electrodynamic forces both in transients and 
under steady state conditions with the result that the 
end windings are subjected to heavy vibrations. That 
is why, the windings must be secured within the slots 
and fixed to banding rings with particular care. 

Generally speaking, a higher workmanship is requi¬ 
red in winding these hydrogenerators. 
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iiiuiunimiiAJiMiAH KuncrpyKniiH 

OBMOTKM CTATOPA 

GrepHCHH CTaTopHOH oGmotkh c HenocpeACTBeHHbiM 
BOAHHBIM OXJia>KACHHeM COCTOHT H3 MCAHblX npOBOA" 
HHKOB nOJIbIX 6e3 H30JIHAHH H CnJIOUIHblX H30JIHpOBaH- 

hbix (pnc. 122). IIojiBie Tpy6uaTbie npoBOAHHKH, Tan 
nee Kan h cnjiouiHBie, b nonepeuHOM ceueHHH npeA- 
craBjiHiOT co 6 oh npHMoyroJibHHK. 3accb Taione nan 
H B oflbIHHOH ofiMOTKe C B 03AyHIHbIM OXJia>KAeHHeM, B 
KOHCTpyKAHH CTep>KHH npeAyCMaTpHBaeTCH TpaHcno- 
3HIJHH npOBOAHHKOB. 

Ha Ka>KAOM crep>KHe, Ha BepxHeM h hh>khcm koh- 
ijax, Ha 3aBOAC npnnaHBaioTCH cepeflpuHbiM npnnoeM 
IICP-15 MeAHbie KOBaHbie nojiBie HaKOHeuHHKH. Ha 
othx HaKOHeuHHKax (pnc. 122) HMeercH najieu; 1 ahh 
coeAHHeHHH crepHCHen Me>KAy co 6 oh no cxeMe tokoboh 
nenn h mTynep 2 ahh cocahhchkh no cxeMe boahoto 


B. M lit 11 ANIL Al. U LMGN Ol STAIOK WINUiNG 

The conductors of a water-cooled stator winding 
are composed of hollow bare copper strands and 
insulated solid strands (Fig. 122). The hollow tubular 
strands and the solid strands are of a rectangular 
section. Transposition of strands is provided like in 
the case of a standard air-cooled winding. 

Each conductor is provided with forged hollow 
copper lugs that are brazed on the top and bottom 
ends with silver solder nCP-15 by the manufacturer. 
These lugs (Fig. 122) are fitted with pin 1 for inter¬ 
connecting the conductors to complete the current 
circuit and pipe union 2 for connecting up the cooling 
water circuit of the winding. The electric circuit con- 



Phc. 122. GrepHceHb o6motkh c HenocpeACT¬ 
BeHHbiM BOAHHbiM OXJiaJKACHHeM npOBOAHHKOB 

Fig. 122. Winding bar with direct water cooling 
of conductors 



Phc. 123. Graxop reHepaTopa c HenocpeACTBeHHbiM BOAH¬ 
HbiM oxJia>KAeHHeM npOB o ahhkob o6motkh c AByxcjioHHbiM 
pacnoJioHceHHeM: 

1 — cepfle^HHK ciajopa; 2 — crepjKHH o6motkh; 3 — Kopnyc craxopa 


Fig. 123. Generator stator with direct water cooling of con¬ 
ductors of double-layer arrangement: 

J *— stator core; 2 — winding bars; 3 — stator frame 
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TpaKTa oxjia>KAeHHH o6motkh. Coe^HHeHne cTep>KHeH 
no 3JieKTpnnecKOMy KOHTaKTy tokoboh i^enn bbiiioji- 
HneTCH nanKon MHrKHMH npunoHMn, a no BOAHOMy 
TpaKTy — TBep^biMH npnnoHMH. CTaTop reHepaTopa c 
HenocpeACTBeHHbiM boa^hbim oxjia>KAeHHeM npoBOA- 
hhkob oSmotkh c AByxcjioHHbiM pacnojio>KeHneM noKa- 
3aH Ha pnc. 123. 

C6opHbie niHHbi CTaTopa A^JiaiOTCH H3 mcahbix Tpy6 
npHMoyrojibHoro ceneHHH, BHyTpH KOTopbix impKyjm- 
pyeT oxjiancAaiomaH BOAa (pnc. 124). CSopHbie niHHbi 
Ha cbohx KOHijax HMeiOT Tanne >Ke MeAHbie HaKOHen- 
hhkh, naK h y CTepHCHefi o6motkh, nepe3 KOTopbie 
3aMbiKaioTCH TOKOBbie h BOAHHbie ijeroi. PacnojiaraioTCH 
iHHHbi b HecKOJibKO phaob no BbicoTe Ha BepxHeii nojiKe 


ductors are soldered and the cooling circuit elements 
are brazed. Fig. 123 illustrates a two-layer direct water- 
cooled stator. 

The stator busbars are fabricated from copper 
tubes of rectangular section which pass cooling water. 
(Fig. 124). The busbars are fitted with copper lugs 
similar to those on winding conductors used to com¬ 
plete the electric and cooling circuits. The busbars are 
arranged vertically in several rows on the upper flange 
of the stator (Figs 124 and 125) occupying a certain 
sector of about 210 deg. The power and neutral leads 





Phc. 124. CxeMa pacnoJio>KeiiHH 
o6motkh h iuhh reHepaTopa c 
Henocpe^cTBeHHbiM boahhbim 
oxjia>KfleHHeM npoBO^HKOB: 

1 — H3oJiHTopbi ; 2 — KOJiJieKTOp Hanop- 
Hbifi ; 3 — nopncxan Macca; 4 — iuiacx- 
MaccoBan; KopoGomta; 5 — (Jtxoporuiacxo- 
BbiH pyKaB; 6 — ynop flJiH KpemieHHH 
oGmotkh ; 7 — 6aHfla>K H3 JiaBcaHosoro 
mHypa; 8 — cGopHbie niHHbi; 9 — koh- 
TaKTHbifi kjihh; 10 — xoMyx; 11 — bo- 
AOCoeflHHHiejibHaH TpyGa; 12 — cjihbhoh 
KOJiJieKTOp 


Fig. 124. Arrangement of winding 
and buses of generator with direct 
water cooling of conductors: 

1 — insulators; 2 — pressure header; 3 —- 
porous mass; 4 — plastic cell; J — fluoro- 
plastic hose; 6 — winding holding stop; 

7 — polyethyleneterephthalate cord band; 

8 — buses; 9 — contact wedge; 10 — col¬ 
lar; 11 — water pipe; 12 — drain piping 
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CTaTopa (pnc. 124 h 125), 3aHHMan HeKOTOpbiH ceKTop 
no OKpy>KHOCTH c yrjioM oxsaTa okojio 210°. Ot ijeHxpa 
pacnojio>KeHHH ceKTopa ihhh no o6e ctopohm noA 
yrnoM b nnaHe, paBHbiM 60°, HaxoAHTcn rnaBHbie h 
HeHTpajibHbie bbiboabi. IIlHHbi ot nojiKH CTaTopa H30- 
jinpoBaHbi cnennaJitHbiMH npoKJiaAKaMH H3 ApeBO- 
nJiaCTHKOB. 

3a npeAenaMH reHepaTopa, b 30He noMeineHHH, 
hmcioiahx BcerAa nojio>KHTejibHyK) TeMnepaTypy, ihhho- 
npoBOA xaione MO>i<ex 6biTb BbinojmeH c HenocpeACT- 
BeHHblM BOAHHbIM OXJia>KAeHHeM, KaK 3TO ACJiaJIOCb Ha 
KpacHonpcKOH T3C. B stom cjiynae coeAHHeHHe cflop- 
Hbix ihhh c HiHHOnpoBOAOM npoH3BOAHTCH nepe3 KOM- 
neHcaTopbi, CAejiaHHbie H3 nojibix MeAHbix nonoc. 


are brought out from the centre of the busbar sector 
in both directions at an angle of 60 deg. The busbars 
are insulated from the stator flange by wood plastic 
liners. 

The busduct outside the generator within the pre¬ 
mises where a positive temperature is maintained can 
be also made with direct water cooling, as has been 
done on the Krasnoyarsk power plant. When such a 
construction is used, the busbars are connected to the 
busduct through expansion devices fabricated from 
hollow copper strips. 



Phc. 125 . Obiimn bh# pacnojicoKeHHH ro- 

JIOBOK H IHHH 

Fig. 125. General view of heads and buses 


IT MOHTA>K OBMOTKH CTATOPA 


C. INSTALLATION OF STATOR WINDINGS 


OflMOTKa CTaTopa c Henocpe actb eHHbiM boahhbim 
oxjia>KACHneM np oboahhkob yicjiaAbmaeTcn b na 3 bi h 
pUCK JIHHHBaeTCH B HHX KaK OdbIHHaH, HTO 6bIJI0 pac- 
CMOTpeHo b § 5-4 n.T; noaTOMy 3 th Bonpocti 3Aecb 
p accMaTpHB aTbCH He 6yAyr. 

Hn>Ke paccMOTpHM jiHiHb Te pafloTbi, KOTopbie npn 
oflbIHHOH odMOTKe He ACJiaiOTCH, H OTAeJIbHbie TeXHOJIO- 
ruHecKne npneMbi no BbinojirmeMbiM onepaijHHM npn 
nam<e h H30JiHp0BaHHH tojiobok h MOHTa>Ky hihh, 
npHcymne TOJibKO 3TOMy rany oSmotkh. 

IlaHKa Me>KCxep>KHeBbix coeAHiieHHH no tskoh nenn 
npoH3BOAHTCH npnnoeM nOC-40 c nporpeBOM MecT 
naeK nnaMeHeM aijexHjieHOBOH ropeJiKH jih6o 3Jiei<xpH- 
necKHMH KjieinaMH. IlepeA naiiKOH Ha ofljiyxceHHbie no 
MecTaM TOKOBoro KOHTaKTa najibAbi 10 (pnc. 124) 
HaACBaiOT xoMyT, TaK>Ke o6jiy>KeHHbiH, h najibijbi b 
XOM yTe p aCK JIHHHB aiOT KOHTaKTHbIMH KJIHHbHMH P. 
3aTeM nponanBaiOTCH ajieKxpHHecKHe KOHTaKTbi coe- 
AHHeHHH. KoHTpojinpyexcH KanecxBo nainai cnennajib- 


The stator windings composed of direct water- 
cooled conductors are placed in slots and wedged 
therein just in the same way as has been described 
under Section 5-4, Subsection D. Therefore, the instal¬ 
lation procedure will not be discussed hereunder. 

The below description concerns only operations 
and procedures peculiar to this type of winding only. 

Interconductor connections are to be brazed to 
complete the current circuit by means of solder IIOC-40, 
the surfaces to be brazed being preheated with the 
flame of an acetylene torch or with electric tongs. 
Prior to brazing, a clip run over with tin is to be fitted 
on pins 10 (Fig. 124) also run with tin over the contact¬ 
ing surfaces and the pins are to be fixed within the 
clip by means of contact wedges P. Thereupon, electric 
contacts of the joint are to be brazed. The quality of 
the brazed joint is to be checked with the aid of a special 
instrument or by external examination with random 
stripping of separate joints. After the current circuit 
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Phc. 126. MoHTa>K h naiiKa Bo^ocoeflHHHTejit- 
hbix TpySoK CTep>KHen (KpacHOHpcKan r3C) 

Fig. 126, Assembly and soldering of water 
connecting pipes of' bars (Krasnoyarskaya hy¬ 
droelectric power plant) 


HblM npnSopOM, BHeiHHHM OCMOXpOM C BblSopOHHOH 
pa3py6Kofi naeK. IIoc:ie sanaftKH KOHxaim tokoboh 
u,enn npoH3BOAHTCH naftna cepeSpniibiM npnnoeM 
nCP-15 BOAOCOeflHHHTeJIBHBIX TpyDOK, KOTOpbie npefl- 
BapHTejiBHO TmaTeJibHO hoai-ohhiotch k mxyuepaM 
HaKone^HHKOB (pnc. 126). Cnoco6 na0KH cepeGpHHbiM 
npanoeM HaMH paccMOTpeH paHee b § 5-4 nl. 

B KOMnjieKce pa6oT no MOHxanry ctbikoboh o 6 motkh 
sRecb 6ojn>nioe MecTO samnsaiox MHoroKpaxHbie nwpaB- 
jinnecKne HcnbixaHHH H a npoxoflHMoexb h njioxHocxb. 
HcnbixaHHBM Ha npoxoflHMoexb cxep>KHH noflsepraioxcH 
xpnncflbi. BHanane Kanxflbin ciepHceHB ncnwxbiBaexcH 
nepeA yKJiaAKoii ero b nas. 3axeM Hcnbixamno nofleep- 
raexca raHwaa napajuienbHaa Bexsb o 6 moxkh noc;ie 
naiiKH coeAHHHxenbHbix xpy6oK nepeA npncoeAHHeHneM 
kohaob BexBen k cnHBHOMy n HanopHOMy KOJineKxopaM. 

Bo BpeMH 3XHX HCnbIXaHHH c noMombK) MepHoro 
cocyAa n cenyHAOMepa 3 aMepnexcH pacxoA boam b 
eAHHHAy BpeMeHH npn H en3MeiiHaM AaBJieHHH; boas 
nponycKaexcn repe3 ncnbixyeMBie ajieMeHXBi. 

J^aHHbie HcnbixaHHH cpaHHBaioxcH c pacnexHbiMH n 
cnnxaioxcH yAOBJiexBopHxeJibHbiMii, ecjin ohh He oxjih- 
uaioxcn ox nocjieAHHX donee ueM Ha 10 / 0 . 

Tpexbe HcnbixaHHe Ha hpoxoahmocxb hpohsboahxch 
nepeA BRjiionemieM reHepaxopa b ceib b nponecce 
onbixa KopoxKoro saMbiKaHHH. npn sxom HcnbixaHHH 
Ha Ka>KAOH HcnbixyeMoii no cnjie xona cxyneHH bcjih- 
uHwa Tona Aep>KHXCH nocxoHHHoft ao xex nop, nona bo 
B cex napajuiejitiibix bcxbhx ycxaHOBHxca npanxmecKH 
nocxoHHHan xeMnepaxypa. B cnyuae 3HauHxe:iBHoro 
oxKJiOHeHHH b pasHoexn xeMriepaTyp ohbix npenpa- 
maexcH h onpeAejiaioxcH Mecxa saKynopon b hpoboahh- 
nax BexBHj HMeiomeH naiioo-iee bbicokvio xeMnepaxypy. 

IlocJie ycxpaHeHHH Ae^eKxa onbix noBXopHexcn. 

Ha HJIOXHOCXb cxepiKHH HCHblXblBalOXCH XaKHie 
x P H>KAM. flo yKJiaAKH b naa Ka>KAbiH cxepmeHB hchm- 
TbiBaexcs b xeneHne 3 u ;uni:ieiineM, b nnxb pa3 npeBBi- 
inaiomHM paSouee. Ilpn sxom oxcyxcxBHe npoxeueK 


is completed, water tubes are to be connected up by 
brazing with silver solder nCP-15. This procedure 
must be preceded by a thorough fitting, of the tubes 
to the pipe unions of the lugs (Fig. 126). The procedure 
of brazing with silver solder has been already discussed 
under Section 5-4, Subsection D. 

The installation of the butting winding involves 
multiple hydraulic tests for clogging and tightness. 
The conductors are given a triple test for clogging. 
Each conductor is first tested prior to being placed 
in the slot. Then each parallel path of the winding 
is tested after the connecting tubes are soldered up 
while the ends of the paths are not yet connected to 
the drain and pressure collectors. 

During these tests the water flow rate per time 
unit through the elements under test is to be measured 
with the aid of a measuring vessel and a stopwatch 
at a constant pressure. 

The data obtained are to be compared with design 
values and may be considered as adequate if the diffe¬ 
rence does not exceed 10%. 

The third test for clogging is to be conducted prior 
to connecting the generator to supply mains, in the 
course of a trial run under short-circuit conditions. 
During this test, the current on each step being tested 
should be maintained constant until a steady state 
temperature is settled in all the parallel circuits. If a 
great difference in temperatures is detected, the test 
shall be ceased and the clogged conductor of the hot¬ 
test circuit located. 

The test is to be resumed upon the elimination of 
the trouble. 

A triple test is likewise required to check the conduc¬ 
tors for tightness. Each conductor is to be given a 
3 -hour test with a pressure five-times higher than the 
working pressure prior to being placed in the slot. 
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KOHXpOJIHpyeXCH BH3yaJIbHbIM OCMOXpOM HaKOHeUHHKa 
cxep>KHH h Ha6jnoAeHHeM 3a MaHOMexpoM, Koxopbiii 
npn xopouieM coctohhhh crep>KHH h tojiobkh #0Ji>KeH 
noKa3biBaTB hchsmchhoctb #aBjieHHH nocjie ero no#- 
hhthh #0 HcntrryeMoro 3HaqeHnn. 

BTopoMy TpexnacoBOMy ncntiTaHHio Ha iuiothoctb 
# aBneHHeM, b #Ba pa3a Sojibine paSonero, cTepnom 
no#BepraiOTCH b cocTaBe napajuiejiBHbix BexBen nocne 
naHKH BO#ocoe#HHHTejibHBix Tpy6oK #o npncoeAHiie- 
hhh k KOJiJieKTopaM. KoHTpojib b 3tom cjiynae ocymecT- 
BJineTCH aHajiornHHBiM cnocoSoM, hto h npn ncnBiTa- 
hhh CTep>KHen nepe# yi<jia#KOH b na3bi. 

OKOHnaTejiBHoe Hcm>rraHHe Ha iijiothocti, npon3Bo- 
#htch nocjie coe#HHeHHH oSmotkh pyKaBaMn c Hanop- 
HBIMH H CJIHBHBIMH KOJIJieKTOpaMH H IIpHCOe#HHeHHH 
ko Been #HpKyjiH#HOHHOH cncTeMe oxjia>K#aioiqeH bo#bi 
npn oTKptiTbix #jih ocMOTpa rojiOBKax. 

3xo HcnbixaHHe npoBo;iHxc>r b xeueime 100 h npn 
xeivmepaxype boabi b oOmoxkc paBHoii 70— 80°C h 
#aBJieHHH, MaKCHMaJIbHO C03#aBaeM0M #HpKyJIH#HOH- 
HMMH HacocaMH (nopHAKa 7 Krc/cM 2 ). Ilpn otom Hcnbi¬ 
xaHHH BOAa noAKpamHBaexca cnenHa;ir>iibm Kpacnxe- 
jieM. KoHxpojiHpyexcH sxo nyxeM 4-KpaxHoro ocMoxpa 
b npoqecce 100-uacoBoro Hincia HcnbixaHHH Mecx 
BepoHXHbix npoxe>iCK, Koxopwe npe;i;napnxe:n.Ho no- 
KpblBaiOXCH MejIOBbIM paCXBOpOM. EcJIH B COeAHHeHHHX 
HMeexcH KaKa>i-jinoo HennoxHocxt, xo b 3xhx Mecxax 
noHBJiHioxcH HeOojiBuiHe naxHa (AHaMexpoM ao 5 mm). 
Ilpn o6Hapy>i<eHHH HenjioxHocxH BOAa H 3 oOmoxkh 
yAannexcH h Ae(J)eKXHoe Mecxo 3anaHBaexcH. 3axeM 
HcnbixaHHe bo3o6hobjihcxch. 

Ilocjie jiHKBHAaqHH nocjieAHero Mecxa npoxeuKH 
Ahkji HcnbixaHHH coKpaiqaexcH ao 12 — 15 u. 

JIjih noAAepmaHHH b cncxeMe xeMnepaxypw boabi, 
paBHott 70 — 80°C, 3Aecb xpeGyioxor BectMa MOiqHbie 
HarpeBaxejibHbie sjieMeHxbi. Tan, Ha KpacHonpcKon 
F3C ffjm 3 xhx ne.ieii 6buiH ycxaHOBJieHBi b pacuinpH- 
xejiBHOM Sane HarpeBaxejiBHbie sjieMeuxbi oOmen Moiq- 
hocxbk) okojio 400 kBx, :);ieKxpoKa;iopii(j)epi)i no xpacce 
o6meii moiahocxbk) 250 kBx h, KpoMe axoro, b oo.moxkv 
exaxopa noAaBajicn nocxoHHHbin xok chjioh b 2000 A 
npn HanpniKeHHH 30 B. 

Cxaxop npn sxom xiqaxeJiBHo ynphiBancn 6pe3eHxoM. 

T. yCTAHOBKA AATMHKOB 
TEPMOKOHTPOJIfl H IIPOBEPKA 
nPABHJILHOCTH HX nOKA3AHHfi 

TepMOMexpw conpoxHBJieHHH ycxaHaBjiiiBaiOT noA 
KJIHHBHMH CXep>KHCH, OX KOXOpbIX BOAa HAeX B CJIHB- 

hoh KOJiJieKxop. B paccMaxpHBaeMOM xmic oOmoxkh 
pOJIB XepMOKOHXpOJIH BCCBM3 OXBeXCXBeHHaH, xan KaK 
XOJIBKO no BejIHHHHaM XepMOCOnpOXHBJieHHH MOJKHO 
cyAHXB o xeMnepaxype AncxHjumpoBaHHOH boabi b xoh 
hjih hhoh BexBH oSmoxkh, Koxopan b cbok) onepeAB 
xapaKxepH3yex hhxchchbhocxb iiHpKyjiHqHH boabi b 

3XOH BexBH. 


In the process, the conductor is to be checked for 
leakage by visual examination of the lug and by observ¬ 
ing the pressure gauge. A conductor and a head in 
good condition can be recognized by constant read¬ 
ings of the pressure gauge at a pressure raised to the 
test value. 

The second 3-hour test of conductors for tightness 
is to be carried out at a pressure two times higher 
than the working pressure. The conductors are con¬ 
nected into parallel circuits and the water tubes are 
joined together by brazing but not yet connected to 
the collectors. The test procedure is the same as with 
conductors not yet placed in the slots. 

A. final test is to be made after the winding is con¬ 
nected via pipe unions to the drain and pressure col¬ 
lectors, and the generator is connected to the entire 
circulating water system, with the heads exposed for 
examination. 

This test is to be conducted for 100 hours at a water 
temperature within the winding from 70 to 80°C and 
a maximum pressure afforded by the circulating pump 
(about 7 kgf/cm 2 ). For this test, the water is coloured 
with a special dye. The points at which leakages may 
be expected are to be coated with a chalk solution 
and examined four times in the course of the 100- 
hour test. Poor tightness of a joint can be revealed 
by small stains of up to 5 mm in diameter. If this 
trouble is detected, the water must be drained from 
the winding and the defective joint soldered up. This 
done, the test must be resumed. 

After the last leaky joint is remedied, the test is 
to be carried on for another 12 to 15 hours. 

Heaters of a rather high power are required to 
maintain a water temperature of 70 or 80°C within 
the system. For example, on the Krasnoyarsk power 
plant heaters of a total power of about 400 kW were 
installed in the expansion tank, air heaters of a total 
power of 250 kW over the route, and, in addition, 
a d.c supply of 2000 A, 30 Y was fed to the stator 
winding. 

In the process, the stator was thoroughly closed 
with a canvas cover. 

D. INSTALLATION OF TEMPERATURE 
CONTROL TRANSMITTERS AND CIIECK-UP 
OF TI1E1R READINGS 

Resistance thermometers are to be installed under 
the wedges of conductors wherefrom water is passed 
to the drain collector. Thermal control is very important 
for the type of winding under discussion because the 
temperature of distilled water in a particular circuit 
of the winding can be determined by thermal resistan¬ 
ces only, and the intensity of circulation of the cooling 
water within the particular circuit is determined by 
this temperature. 
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npOBepKa npaBHJIBHOCTH 3aJIO>KCHHH H ^eHCTBHH 
AaranKOB, nan yjioHceHHBix npH MOHTaxce, Tan h Ha 
3aBOAe, npeACTaBJiner co6oh BectMa oTBeTCTBeHHyio 
3aAany. 

Hto6bi BBinojiHHTb 3Ty pafioxy 6e3 yAajieHHH kjih- 
HbeB, npHMeHHiOT cneqHaJibHBiH npnfiop. 3 tot npnSop 
cbohm npneMHHKOM ofiHapy>KHBaeT cnrHaji, noAaBae- 
mbih Ha BBiBOAHBie kohijbi npOBepneMoro A aT UHKa 0T 
BBicoKonacTOTHoro reHepaTOpa, HaxoAHmerocn b cocTaBe 
npnfiopa. Ecjih npH HcnBiTaHHH ydeAHTcn b npaBHJit- 

HOCTH 3aJIO>KeHHH A^THHICOB H B OTCyTCTBHH nOBpe>K- 
ACHHH, TO COCTaBJIHeTCH COOTBeTCTByiOUJHH aKT, H B 
CTaTOp MO>KHO y CTaHaB JIHB aTB pOTOp. 


Checking the transmitters for proper embedding 
both in the workshop and in the field and for their 

proper functioning is a very tedious and important work. 
A special device is to be used to do this work 

without removing wedges from the slots. The receiv¬ 
ing member of this device picks up the signal applied 
to the leads of the transmitter under check from a 
high-frequency oscillator incorporated in the device. 
Having made sure that the transmitters are embedded 
properly and have no troubles, one is to draw up 
an appropriate report and the rotor may be installed 
in the stator. 


H30JIHPOHAHHE rOJXOBOK OBMOTKI1 

CoeAHHHTenbHBie tojiobkh crep>KHeH y paccMaTpn- 
BaeMoro rana oSmotkh H30JiHpyi0TCH TaK nee, Ran h 
y o6motkh c b 03 Ay hihbim oxjia>i<A eH neM (cm. n.E. 
§ 5-4.). 

OTJIHHHe COCTOHT B TOM, UTO 3RQCL BMeCTO KOMnayH- 
AHOH Maccbi b KOpodoHKH 3 ajiHBaeTCH nopHcran Macca, 
cocTOHH^an H3 CMecH acdecTOBoro noponiKa h nana 
(pnc. 127). 3Ta nopncTan Macca AaeT bo3mo>khoctb 
b cjiynae noHBJieHHH npoTeneK BbiiryeraTb BOAy H3 
roJiOBKH nepe3 cneipiajiBHoe, CAeJiaHHoe b KopofioHKe, 
ApeHa>KHoe oTBepcrae. Tanan BpeMennaH Mepa 6biJia 
npHHHTa b npoAecce 3KcnJiyaTaijHH THAporeHepaTopOB 
KpacHOHpcKOH F3C. 

HeT COMHeHHH, UTO B SjIHHCaHHiee BpeMH TeXHOJIO- 
thh Me>KCTep>KHeBBix coeAHHeHHH y oSmotok c Henoc- 
peACTBeHHBiM boahhbim oxjia>KACHHeM 6yACT oTpado- 
TaHa Tan, hto npoxeuKH 6yAyT hckjiiouchbi Boofime. 


E. INSULATION OF WINDING HEADS 

The conductor heads of the windings under discus¬ 
sion are to be insulated proceeding in the same manner 
as with air-cooled windings (see Section 5-4, Subsec¬ 
tion F). 

The only difference is that the boxes are filled with 
a foam compound composed .of asbestos powder 
mixed with varnish (Fig. 127). This foam compound 
makes it possible to discharge water from the boxes 
through special drain holes in the event of leaky joints. 
Such a temporary measure has been taken in the 
course of operation of the Krasnoyarsk power plant 
generators. 

Generally speaking, the technology of jointing the 
conductors of a direct water-cooled winding is sure 
to reach such a state of development within the nearest 
future that any leakage will be excluded at all. 


1 2 J 4 S 7 6 



Phc. 127. SjieMeiiTbi o6motkh CTa- 
Topa c cucTeMOH Henocpe^cTBeiiHoro 
BO^HHoro oxjian^eHHH: 
a — nonepe^Hoe ce^eime CTep>KHH; 6 — no- 
riepeMHoe ce^eHHe ihhhm ; e — coeflHHeHHe 
CTep>KHeH 

1 — KOMnayHAHPOBaHHaH h3ojihl(hh ; 2 — 

Kopo6Ka H3ojiHAHOHHaH; 3 — nopHCTEH Mac¬ 
ca; 4 — BOAOcoeAHHHTejifcHaa TpySna; 5 — 
HaKOHe^iHHKH; 6 — xowiyT; 7 — kjihh 

Fig. 127. Elements of stator winding 
using direct water cooling system: 

a — cross-sectional area of bar; 6 — cross- 

sectional area of bus; e — connection of bars 
1 — compounded insulation; 2 — insulating 

cell; 3 — porous mass ; 4 — water connecting 
pipe; 5 — lugs; 6 — clip; 7 — wedge 
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I-:. HUKOTOPblE OCOUliHHOCTii OyiUKlf 
H sICniUTAHHM OB MOTOR C 
HEUOCPEAC J I1HHHBIM BOflHHBIM 
OXAAJKAEHHEM 

CyuiKa oSmotkh c HenocpeACTBemihiM boahhlim 
oxna>K3eHHeM mohcct iipoh3boahtbch jiio6bim H3 cno- 
co6ob, paccMOTpeHHbix b § 5-5. 3accb b HeJinx npe- 
floxpaHeHHH oSmotkh ot noBpoKfleHHH napoM, o6pa- 
30BaHHbiM 3a CBeT KHneHHH ocTaBuieftcH nocjie cjiHBa 
BO^bij no OKOiPiaimn Hcnbrrairaii ocraBJiHioT neci<o.n>KO 
OTKpbITbIX BBepxy OTBepCTHH B MCCTaX npHCOeAHHeHHH 
pyKaBOB Ha muHax bbiboaob craTopa. 

3aMep H30JIHHHH nepeA HanaJioM cyniKH npoH3Bo- 
Aht npn o - rcoc;;HneiiHbix KOJUiCK-ropax ot TpySonpoBO- 
AOB CHCTeMbi AHpKyJiHAHH, KOTopaH 3a3eMJieHa. 

IloCJie OKOHH3HHH CyUIKH npOH3BOAHTCH HcnBixa- 
HHe 3JICKTpH T ICCKOii: npO'IIIOCTH H30BHAHH oSmOTKH. 

Ann 3Toro nepeA HcnbixaHHeM coSHpaeTCH bch AHpny- 

HHAHOHHaH CHCTeMa H H30JIHAHH HCnbITbIBaeTCH npn 
AHpKyJiHAHH b o6motkc boabi, HMeiomeft y;ic.ii)iioc 
conpoTHBJieHHe He MeHee 30 kOm/cm 3 . 

MoHxa>K ittwh b 3tom THne oOmotkh TaioKe npeA- 
CTaBJiHeT coSoh BecbMa TpyAoeMKyio pa6oTy. 

Bee paOoTbi no npeABapHTejibHoft c6opne uihh, 
CBapne hx oxAeJibHbix ojicmchtob , rHApaBJinnecKOMy 
HCnbITaHHK) H H30JIHp0BaHHK> JiyHHie npOBOAHTb Ha 
KaKOH-JiH6o iuiomaAKe, a He Ha cTaTope, c xeM htoGbi 
H e MeuiaTB paooxaiomHM no Monxa>Ky cxep>KHeH CTa- 
Topa. HenocpeACTBeHHO Ha CTaxope peKOMeiiAyeTCH 
npOH3BOAHTb TOJIBKO JIHHIB MOHTa>K yKpynHCHHBIX Ha 

njiomaAKe oneMeHTOB h rHApaBJiHnecKoe ncnbiTaHHe 

nOJIHOCTBIO CoOpaHHBIX HIHH. 

PaSoTbi no CBapne, H 30 HHpoBaiiHio h npenjieHHK) 
3 JieMeHTOB ttthb He npeACTaBAHiOT KanoH-JinOo cjio>k- 
HOCTH. 

Moirra>K ajie.MeirroB CHCTeMbi oxji3>kachhh oOmotok 
HM eeT HHHIB Te 0 C 06 eHH 0 CTH, HTO npH MOHTa>ne HHKOHM 
o6pa30M He AonycnaeTCH Aa>ne hhhtokhoc kojihhcctbo 
rpH 3 H h onaJiHHbi jih6o APymx nocTopoHHHX nacTHA 
bo BHyxpeHHHX naHajiax Bceia stoh chctcmbi . 

IIoaTOMy CHCTeMa nocjie MOHTa>na AO.a>i<na 6 bitb 
HCKJIKJHHT eJIBHO TH];aTejIBHO IipO^HIHeiia H npOMbITa. 
Bee ajieMeHTBi chctcmbi Tan>ne HcnbiTbiBaiOTCH Ha 
njiOTHOCTB h npoxoAHMOCTB boaoh npH 3aAaBaeM0M 
HcnbiTaTejiBHOM Aaiijicmra b chctcmc . 


5-7. POTOPIjI raaPOrEHEPATOPOB 

A. KOHGTPyKQUA II 11 ASH AHEIIIIE 

Potop rriAporeHepaTopa — HanSonee MaccHBHBiii 
Bpamaioih™^ y3eji rHApoarperaTa — coctoht H3 BaJia, 
ocTOBa c oSoaom h pacnonaraeMBix no nepHcjpepHH 
3 Toro odoAa nomocoB. ^HaMeTp 060 Aa h Macca ero 
BMecTe c noniocaMH — rjiaBHbie cocTaBJimoirme npn 
onpeAejieHHH MaxoBoro MOMema pOTopa arperaTa 

(GD 2 ). 

Ban poTopa. Ban poTopa, hjih Ban rnAporeHe- 
paTopa, b arperaTe HBnneTCH npoAonnceHneM Bana 
rnApoTypdHHBi. CiteHTpHpoBaHHBie h cnapeHHBie, ohh 
npeACTaBnmoT codon cahhbih Ban poTopa Bcero arpe¬ 
raTa. Ectb TaK>ne KOHCTpyKAHH rHApoarperaTOB c 


\L SOME PECUUAKITIKS OF DRYING-OUT AND 
TESTING DIRECT WATER-COOLED WINDING 


The direct water-cooled winding may be dried out 
by any of the desired methods described under Section 
5-5. It should be borne in mind, however, that some 
top holes at the points of connection of pipe unions 
to the terminal busbars of the stator winding must be 
left open after the tests are completed so as to prevent 
damage to the winding that may be otherwise caused 
by vapour formed as a result of remaining boiling 
water. 

Prior to starting the dry-out procedure, the insu¬ 
lation resistance is to be measured with the collectors 
disconnected from the pipelines of the grounded cir¬ 
culating system. 

After the drying procedure is over, the winding 
insulation shall be subjected to a high-voltage test. 
To this end, the entire circulating system is to be set 
up and the insulation is to be tested while the winding 
conductors pass circulating water having a resistivity 
of at least 30 kOhms per cu.cm. 

Installation of busbars on this type of windings is 
also a hard work. 

It is good practice to carry out all jobs on the 
pre-assembly of busbars, welding of separate compo¬ 
nents, hydraulic tests, and insulation on an assembly 
floor rather than on the stator so as not to be in the 
way of those who are engaged in the installation of 
the stator conductors. Only pre-assembled elements 
are recommended to be connected up on the stator 
and hydraulic tests are better to be given thereon to 
fully assembled busbars. 

Welding, insulation, and fixation of busbar com¬ 
ponents present no particular difficulty. 

An important requirement that must be strictly 
complied with in the installation of the cooling system 
is that the internal surfaces of all the cooling ducts 
incorporated in the system must be absolutely free 
of dirt, scale, and miscellaneous foreign bodies. 

That is why the system must be cleaned and flushed 
with particular care after installation. All the compo¬ 
nents of the system must be tested for tightness and 
clogging with water at the specified pressure maintained 
in the system. 


S7. iiYDiu)cr;]Ni«:KAiuu ROTORS 

A. MECHANIC AL DESIGN AND APPLICATION 

The hydrogenerator rotor is the heaviest rotating 
part of the hydropower unit. It consists of a shaft, 
a spider with a rim, and poles arranged over the peri¬ 
phery of the rim. The rim diameter and mass, including 
the poles, are the main components determining the 
flywheel torque of the rotor (GD 2 ). 

Rotor shaft. The rotor shaft or the generator shaft 
is the continuation of the hydraulic turbine shaft. 
When coupled and aligned, the both make up a single 
rotor shaft of the entire unit. Some units are designed 
with a turbine and a generator mounted on a com¬ 
mon shaft. 
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OjZJHHM oSmHM BaJIOM, KOTOpblH O^HOBpeMeHHO CJiy>KHT 

BajiOM TypSnHbi h reHepaxopa. 

KoHCTpyKi^HH BajiOB THAporeHepaTopoB h xpeGo- 

BaHHH, KOTOpbie K HHM IIpeA bHBJIHIOTCH npH KOH- 
CTpynpoBaHHH, aHajiorHHHbi paccMOTpeHHbiM b ii.F 
§ 4-10. 

OTJiHTOTejibHaH oco6eHHOCTb BajiOB rH^porei-iepa- 
TOpOB 3aKJIK)^aeTCH B TOM, HXO y HHX BMeCTO Asyx 
pacnojiOHceHHbix no KornjaM (fmanueB, KaK axo HMeeT 
MecTO y rnApoTypOHHHbix BajiOB, (JmaHen oGbiuHo 
Aejiaexcn tojibko Ha oahom kohac. B ApyroM >i<e Topue 
aJiH yKpenjieHHH HaACxaBKH Bajia npe^ycMaxpiiBaiOTCH 
pe3b6oBbie OTBepcTHH. Kpome Toro, y BajiOB ranpo- 
reHepaTopoB hmciotch nocaAOHHbie mefiKH co mno- 
HOHHOH KaHaBKOH HJIH 6e3 Hee, Ha KOTOpbie npOH3BO- 
Ahtch njioTHan hjih ropnuan nocaAKa coBMemeHHbix b 
oahom sjieMeHTe hjih cAejiaHHbix pa3AejibHo BTyjioK 
noAnHTHHKa h poTopa. 

OCTOB H 060 A pOTOpa. OCTpOB pOTOpa COCTOHT 
H3 AeHTpajibHOH nacTH b BHAe BiyjiKH hjih APyron 
KOHCTpyKI(HH, COnpHraOMOH C BaJIOM, H npOMOKyXOH- 
Hbix 3jieMeHX0B b BHAe cnHA, ahckob h Apyrnx Aexa- 
Jieii, nocpeACXBOM Koxopbix sxa AeHxpajibHan nacTb 
conpnraexcH c o6oaom. Y HeSojituinx ObicxpoxoAHbix 
r hA poreHepaxopOB Bee sxh TpH 3BeHa: neHTpajiBiian 
nacxt, npoMOKyTOHHbie 3JieMeHTbi h o6oa poxopa — 
oGbihho npeACxaBJiniOT co6oh Hepa3AejibHyio KOHCTpyK- 
AHIO B BHAe AHJIHHApa H3 HaOopa xohkhx hjih XOJICXbIX 
Ahckob, Haca>KHBaeMbix Henocpe actbchho Ha Baji 
(pnc. 128). 

B HanOojiee pacnpocTpaHeHHbix KOHCTpyKAHHx Kpyn- 
Hbix THAporeHepaxopoB ocxob cocxoht H3 AeHxp a jilhoh 
naCTH — pOXOpHOH BXyJIKH H OIHA, KOXOpbie K Heil 
npHKpenjieHbi 6ojixaMH uepes ahckh hjih BepxHKajib- 
Hbie njiHTbi (pnc. 129). OSoaom poxopa b xannx koh- 
CTpyKAHHX oSbiHHO cjiy>KHX cxajibHoe KOJibAo, Ha- 
SpaHHoe H3 oxAejibHbix cerMeHxoB xojiiahhoh 3— 6 mm, 
onpeccoBaHHbix npn c6opi<e h 3aKpenjieHHbix paBHo- 
MepHO pacnpeAejieHHbiMH no KOJibAy cthh^hbimh mnHJib- 
KaMH. 

Ecxb h Apyrne, MeHee pacnpocTpaHeHHbie koh- 
CTpyKAHH oxHocHxejibHO HeSojibiUHx poxopoB, y koxo- 
pbix BTyjina h cnnAbi poTopa npeACTaBjimox coGoh 


Typical constructions of the hydrogenerator shafts 
and requirements to be met in designing them are set 
forth under Section 4-10, Subsection D. 

The hydrogenerator shafts are characterized in 
that instead of flanges provided on both the ends, as 
in the case with hydraulic turbine shafts, they usually 
have a flange on one end only. The other end is pro¬ 
vided with a threaded hole for fastening an extension 
piece to the shaft. The hydrogenerator shafts also have 
locating journals with or without keyways for locational 
interference or force fitting of the thrust bearing collar 
and the rotor hub either separately or as an integral 
unit. 

The rotor spider and rim. The rotor spider con¬ 
sists of a central part in the form of a hub or any 
other structure that is coupled with the shaft, and 
intermediate members, such as spokes, disks, and 
other elements that join the central part with the rim. 
In most small high-speed hydrogenerators all the three 
members, that is, the central part, the intermediate 
components, and the rotor rim, make up an integral 
unit in the form of a cylinder that is stacked up of 
thin or thick disks fitted directly onto the shaft 
(Fig. 128). 

The spider of most typical large hydrogenerators 
consists of a central part in the form of a rotor hub, 
and spokes that are bolted to it through disks or verti¬ 
cal plates (Fig. 129). The rotor rim in such construc¬ 
tions is usually a steel ring stacked up of separate 
segments, 3 to 6 mm thick, that are compressed during 
assembly and fixed in position with clamping studs 
which are uniformly spaced over the ring. 

There are also miscellaneous less typical construc¬ 
tions of relatively small rotors in which the rotor hub 
and spokes make up a welded or cast integral unit or 



Pnc. 128. Ahckobbih poTop, cAejiaHHbifi b 
oaho nejioe c o6oaom: 

1 — Baji; 2 — o6oa; 3 — oTBepcTHe #jih KpeiuienHH 
kjihhe>€b ; 4 — na3 no# xboctobhk KOJieca 


Fig. 128. Disk rotor made integral with the 
rim: 

1 — shaft; 2 — rim; 3 — hole for bracing wedges; 4 — 
slot for runner shank 


244 



CBapHyio HJIH jiHTyio AeJibHyio KOHcrpyKAHio jih6o 
KOHCXpyK ahio, coeAHHHeMyio H3 AByx nOJIOBHH 6aH- 
Aa>KaMH. 

06oa HiHxxoBaHHoro poxopa cocxoht H 3 HecKOJib- 
khx nanexoB, na 6 paHHbix H3 HiTaMnoBaHHbix cerMeHxoB 
tojhahhoh 3—4 mm. Oh coSnpaexcH Tan, htoGbi cxbikh 
cerMeHxoB na>KAoro cjioh CMeinajiHCb no OKpy>KHOcxH 
Ha nojioBKHy nojiiocHoro AeJieHHH, hto noBbimaex 
Hcnojib30BaHHe ceneHHH 060 Aa. 

B cxbiKax Me>KAy cerMeHxaMH AeJiaeTcn 3asop AJm 
AHpKyjiHAHH b eHTHJiHpyloinero B03Ayxa. Me>KAy nane- 
T3MH yCXpaHBaiOTCH BeHTHJIHAHOHHbie KaHaJIbl, o6pa- 
3yeMbie ycraHOBKOH bchth jih ahohhbix pacnopoK. B po- 
Topax c (JpopcHpoBaHHbiM oxjia>KAeHHeM o6motkh Ha 
Hapy>KHOM A^aMexpe o6oAa A^JiaioTCH npoAOJibHbie 
KaHaJIbl KOJIHHeCTBOM, paBHbIM ABOHHOMy HHCJiy nojno- 
cob. ^Tepes sth KaHaJIbl HanpaBjinexcn B03Ayx, nocxy- 
naioiAHH H3 paAHajibHbix b eHTH jih ahohhbix KaHaJiOB 
o6oAa b 3a3op Me>KAy oSmotkoh h cepAcmiHKaMH 
nojnocoB. 

Ilojiiocbi poTopoB. Ilojiiocbi poTopoB rHAporeHe- 
paTopoB (pnc. 130) coAep>KaT cepAenHHKH 8 , ofiMOTKy 
B036yHCACHHH 2 H H30JIHAHIO 9, KOTOpaH H30JIHpyeT 
CepAeHHHK OT O0MOTKH H BHTKH O0MOTKH APyr OT Apyra. 
KpoMe Toro, y SojibiHHHCTBa THAporeHepaTopoB b 
nojiiocax eme pacnojiaraeTcn ycnoKOHTejibHaa o0MOTKa 3. 


a structure composed of two halves braced together 
by means of banding rings. 

The rim of a laminated rotor consists of a number 
of stacks built up of stamped segments, 3 or 4 mm 
thick. The rim is assembled so that the butt ends of 
the segments of each layer are joined with a half the 
pole pitch displacement over the circumference to 
provide for better utilization of the rim secti¬ 
onal area. 

A gap is provided at the joints between the segments 
to provide for the circulation of cooling air. Cooling 
ducts are made between the stacks by fitting special 
distance pieces. Where the rotor winding uses forced 
air cooling, longitudinal cooling ducts are made on 
the outer surface of the rim, the number of ducts being 
twice as that of the poles. These ducts pass the air 
delivered from the radial ducts of the rim to the gap 
between the winding and the pole cores. 

Rotor poles. The rotor poles (Fig. 130) consist of 
core 5, field coil 2, and insulation 9 that is inserted 
between the core and the coil as well as between the 
coil turns. Most hydrogenerators have also damping 
winding 3 mounted on the poles. 
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TaHHH npHMOJiHHeHHbix h 3aKpyrjieHHBix nojioc ac6e- 
CTOTeKCTojiHTa. B rHAporeHepaTopax npe>KHHx koh- 

CTpyKIJHH 3Ty H30JIHU;HI0 AeJiaJIH H3 MHKa<J)OJlHH H 
ac6ecra, HaKJia^biBaeMbix Ha cep^eHHHK Ha KJieiomeM 
jiane; Ka>K^biH cjioh H30Jihu;hh no^BepraJin ropHnefi 
yTK»KKe, onpeccoBKe h cyniKe b ne™. 

ITojiiocbi poTopa c (JjopcnpoBaHHbiM oxjiaH^eHHeM 
oSmotkh AejiaiOTCH Tan, hto6bi oxjia>KAaiomHH B03Ayx, 
npoii^H no BeHTHJiHAHOHHBiM KaHajiaM ofioAa poTopa, 
Mor cpaBHHTejibHQ cboSoaho npoxoAHTb no KaHajiaM 
MOKfly BHTKaMH 06MOTKH, a T3K>Ke MOKAY KaTyiHKOH 
H Cep^eHHHKOM. 

KaHajibi MOK^y BHTKaMH, Kan noKa3aji om>rr, Han- 
6ojiee i^ejiecoo6pa3HO A^JiaTB nonepeK mcah bhtkob. 
Tanan CHCTeMa KaHajiOB ofiecneHHBaeTcn 3a cneT ycra- 
HOBKH H30JIHqH0HHbIX paCTOpOK MOK^y BHTKaMH Ka- 
TyiHKH H MKCTaHqHOHHbIX KJIHHbeB MOK^y cepAeHHH- 
kom h KaTyniKOH nojnoca (pnc. 133). 

KaHajibi mokay BHTKaMH mo>kho c^ejiaTb h 3a cnex 
npHMeHeHHH Me^H cnennajibnoro npo(J)HJiH, c 3apaHee 
npoKaTaHHbiMH yrjiy 6 jichhhmh . 

B nojnocax c Henocpe^CTBeHHbiM boahhbim oxjia>K- 
aemieM o6motk 3 ^ejiaeTCH H3 TpySnaTOH mcah cnenn- 
ajibHoro npo(J)HJiH. IIo sthm TpySnaM AHpKyjiHpyeT 
AHCTHJiJiHpOBaHHan Bo^a, oxjia>K^aeMaH b cnei^nanbHbix 
TenjiooSMeHHHKax. Tana h ofiMOTKa o6bihho coe^HHH- 
eTCH Tan, hto b KaTyuiKe o6pasyeTCH hcckojibko napaji- 
jiejibHbix BeTBeii no boahhoh ijenH. 3 to ^HKTyeTCH 
TeM, hto npH nocJieAOBaTejibHOM coe^HHeHHH He Bceiyja 
mo>kho o6ecnenHTb nponycK HeofixoAHMoro KOJinnecTBa 
oxna^aeMOH boaki . 

ycnoKOHTejibHan ofiMOTKa npe^CTaBJineT co 6 oh yjio- 
>i<eHHbie b na3ax no nepH^epnn nojnocoB Me^ribie 
TOJIbie CTepHCHH, KOHIJbl KOTOpbIX Ha Ka>KAOH CTOpOHe 
nojnoca coe/jHHeHbi mokay co 6 oh c iiomoiabio mcahbix 
niHH 4 (pnc. 130). Pa3JiHnaiOT nojiHyio hjih HenojiHyio 
ycnoKOHTejibHyio ofiMOTKy: y nojiHOH oOmotkh CTep>KHH 
Bcex nojnocoB c noMombio hihh cocahhchbi mokay 
coSoh, y HenojiHOH nonyAyraMH coeAHHeHbi tojibko 
CTep>KHH k a> kao ro nojnoca. B rHAporeHepaTOpax, Kan 
npaBHjio, npHMeHHioT nojiHyio o 6 motky, TaK i<aK OHa 
oOjiaAaeT jiyhihhmh 3 jieKTp hhcckhmh xapaKTepHCTHKaMH. 

YcnoKOHTejibHaH oOMOTKa HMeeT aobojibho pa3H0- 
cropoHHee 3HaneHne npn 3Kcn:iyaTaij,im rnAporeHepa- 
TopoB h SHeprocHCTeM. TaK, HanpHMep, OHa npeAOT- 
BpamaeT BbiHy>KAeHHbie KanaHHH, Bbi3BaiiHbie HeKo- 
TOpbiMH nyjibCHpyioiAHMH achctbhhmh ABH>Kymero MO- 
MeHTa rHApoTypSnHbi, h noAaBJineT KOJieOaHHH, B03- 
HHKaiOHJ,He H3-3a TOJIHKOB npH KOpOTKHX 3aMbIKaHHHX 
h nepeKJnoneHHHx. KpoMe Toro, OHa oOecnenHBaeT 
C03AaHHe AonojiHHTejibHoro MOMeiiTa npn CHHxpoHH3a- 
Ahh THAporeHepaTopoB, hto oneHb b3>kho npn aBTO- 
MaTHHeCKOH CHHXpOHH3aAHH, OCOfieHHO npH CHHXpOHH- 
3aH[HH C SOJIBIHHM paCXO>KACHHeM no cf)a3e HJIH CKOpOCTH 
BpameHim, cnocoOcTByeT oOjierneHHio oOparaoro bxo>k- 
AeHHH b CHHxpoHH3M nocjie BbinaAaHHH THAporeHepaTOpa 
H3 CHHXp OHH3Ma BCJieACTBHe KOpOTKOTO 3aMbIKaHHH. 

IIOJIO>KHTeJIbHOe BJIHHHHe yCnOKOHTeJIbHOH o6moti<h 
CK a3biBaeTCH h b Apyrnx achctbhhx. 


hard troughs composed of a combination of straight 
and rounded-off asbestos-textolite strips. In hydro¬ 
generators of old makes this insulation was made of 
micafolium and asbestos applied to the core with 
adhesive varnish. Each layer of insulation was ironed, 
moulded, and baked in an oven. 

- The poles of a forced air cooled rotor are made 
so that cooling air can easily enter the interturn ducts 
and those between the coil and core upon leaving 
the cooling ducts on the rotor rim. 

Experience has shown that it is most reasonable 
to arrange interturn cooling ducts perpendicular to 
the coil turns. These ducts are provided by fitting 
insulating distance pieces between the coil turns and 
distance wedges between the coil and core (Fig. 133). 

Interturn ducts can be also obtained by using 
specially shaped copper strips with preformed recesses. 

Direct water-cooled field coils are wound of specially 
shaped copper tubes. These tubes pass circulating 
distilled water that is cooled in special heat exchangers. 
Such a coil is usually so connected that several cooling 
circuits are formed. This is required because the desired 
amount of cooling water cannot be sometimes passed 
through series-connected conductors. 

The damping winding consists of bare copper bars 
accommodated in the slots over the periphery of the 
poles, the ends of the bars on each pole side being 
interconnected with copper busbars 4 (Fig. 130). There 
may be a complete or an incomplete damping winding. 
A complete damping winding has the bars of all the 
poles interconnected with the aid of busbars while 
the bars of an incomplete winding are interconnected 
in a semi-arc manner on each separate pole. Hydro¬ 
generators usually employ a complete winding as it 
has better electrical characteristics. 

The damping winding takes a great part in the im¬ 
provement of the hydrogenerator and power system 
performance. For instance, it prevents emergency 
hunting caused by pulsatory actions of the hydraulic 
turbine running torque, damps oscillations due to 
inrush currents appearing in the event of short circuits 
and at switch-over operations, etc. Moreover, it affords 
an additional torque in synchronizing the hydroge¬ 
nerators which is essential in the case of automatic 
synchronization, especially when there are great diffe¬ 
rences in phase or speed, facilitates pulling the genera¬ 
tor back in step upon clearing a short circuit. 

Favourable actions of the damping winding show 
up in many other respects. 
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B HACAtfKA imJIKH POTOPA HA BAJ1 

BTyjiKa poTopa, KOTopan b 30hthuhom rane thapo- 
reHepaTopoB cjiy>KHT OAHOBpeMeHHO h BTyjiKOH noA- 
nHTHHKa, a B HeKOTOpbIX KOHCTpyKIJHHX COBMemeHa c 
OCTOBOM H 060AOM pOTOpa, H2LJXQB2LGTCK Ha BaJI B TOpH- 
HeM COCTOHHHH. OHa (J)HKCHpyeTCH ot oceBoro H Bpa- 
maTejibHoro abhjkchhh no Bajiy nojiyueHHbiM npn ropn- 
nen nocaAKe HararoM h y craHaBjiHBaeMbiMH kojibacboh 
H npOAOJIBHOH HinOHKaMH. B KOHCTpyKIJHHX 6e3 npo- 
Aojibhbix mnoHOK BpaujaTejiBHOMy abhhcchhio no Bajiy 
npemiTCTByeT tojibko HaTnr ot ropHuefi nocaAKH, 
KOTopbiH B 3TOM cjiyuae 3aAaiOT hcckojibko 6 ojibihhm. 

JIjih nocaAKH motion KOHCTpyKijHH BTyjiKH poTopa 
Ha Baji BbinojiHHioT cjieAyioin;ee. 

Ha MOHTa>KHOH njioiqaAKe hjih b 6 jih 3 H ot Hee b 
30He a^hctbhh ocHOBHoro KpaHa MauiHHHoro 3 ajia 
ycTpaHBaioT HMy c Sctohiibim cjjyHAaMeHTOM h amcep- 
HbiMH fiojiTaMH, pacnojioHceHHbiMH b njiaHe b cootbctct- 
bhh c oTBepCTHHMH Ha (J)JiaHAe Bana reHepaTopa. HaA 
(JjyHAaMeHTOM yCTaHaB jihb aioT Ha aHKepax HeTojicTyio 
MeTajijiHHecKyio runny, rabapHTaMH hcckojibko npe- 
BoexoAHmyK) AnaMeTp (|)jiaHAa Bajia. Eojitbi paccnHTbi- 
BaiOT Ha BbipbiBaiomee ycnjiiie, paBHoe rpy3ono a 'beM- 
hocth KpaHa, c noMOHjBio KOToporo 6 yAyT naca>KHBaTB 
BTyjiKy, c TeM hto 6 bi b cjiynae 3aeAaHHH npn nocaAKe 
KpaHOM BTyjiKy mo>kho 6 buio CAepHyTB c Bajia. Tjiy- 
^Hiiy HMbi onpeAejinioT bo3mo>khoctbio npOHOca HaA 
BajiOM BTyjiKH poTopa, a OTMeTKy BepxHefi nacra 6 exoHa 
paCCHHTblBHIOT T3K, HTOfibI OHa n03B0JIHJia yCTaHOBHTB 
noA onopHOH nacxBio BTyjiKH THApoAOMKpaTbi, koto- 
pbie MoryT 6 bitb npHMeHeHbi b KanecTBe pe3epBa npn 
chhthh BTyjiKH c Bajia b cjiyuae 3aeAaHHH. B 3 Ty HMy 
Ha MeTajuiHnecKyio njiHTy y CTaHaB jihb aiOT CTporo b 
BepTHKajiBHoe nojio>KeHHe Baji reHepaTopa, npHTHin- 
BaH ero k ^yH^aMeHTy rafiKaMH. BepraKajitHoe iiojio- 
jKeHne peryjiHpyioT 3 a c^ei noflKjia,E<oK Meatfly c})jiaH- 
UfiM. H riJIHTOH H IipOJjiCpHKrr C nOMOmblO ypOBIIJI, 
noMemeHHoro Ha Toppe Bajia. 3aTeM BTyjiKy poTopa 
CTaBHT Ha MeTajuiHHecKHe TyMSbi b cnei^najitHBiH uiaTep 
AJiH HarpeBa, KOTopbiii flOJiweH yflOBjieTBopHTt ycjio- 
bhhm no>KapnoH 6e3onacHocTH. Ilpn stom npoBcpHiox 
OAHOBpeMeHHO Ha Bajiy h BTyjiKe nocaAOHHbie MecTa; 
eooTBeTCTBHe pa3MepoB rnnoHKH h KaHaBKH nofl Hee, 
Bbicoxy nocaAOHHofi qacra Ha BTyjiKe h Bajiy h otho- 
CHTejiBHbie pa3Mepw AHaMe'rpoB nocaAOHHbix MecT. 
^naMeTp nocaAOHHbix noncoB Ha Bajiy h BTyjiKe npo- 
BCp>lI()T H3rOTOBJieHHbIMH H3 MeCTe COOTBeTCTBeHHO 
CKOSOH H HITHXM3CC0M C BCTpoeHHbIMH B HHX MHKpO- 
MeTpHHecKHMH rojioBKaMH. ,n;aHHbie 3aMepoB cono- 
CTaBJIHIOT, H3MepHH 3TOH >Ke CK 060 H UITHXMaCC, ycTa- 
HOBjieHHbiH no AHa.MC'rpy pacro'iKii nocaAOHHoro 
noHca. 

Ilocjie onpeAejieHHH BejiHHHHbi tjxaKTHHecKoro iiaxH- 
ra BTyjiKH onpc/te;i>noT iicoGxoAHMyio TeMnepaTypy 

HarpeBa, o6ecneHHBaiomyio CBoSoAHyio nocaAKy 6e3 


B. FITTING THE ROTO It HUB ON THE SHAFT 

The rotor hub, which also functions in umbrella- 
types as the thrust bearing collar, and in some construc¬ 
tions is built integral with the rotor spider and rim, 
is fitted on the shaft while hot. Its axial and radial 
displacement is prevented due to a negative allowance 
set up during the force fit. In addition, it is held in 
position with the aid of a circular and a longitudinal 
keys. Where a longitudinal key is not provided, the 
rotational motion is prevented by negative allowance 
due to the force fit, in which case this negative allo¬ 
wance is selected of a higher value. 

Irrespective of the rotor hub construction, the 
following procedures are required for fitting it on 
the shaft. 

A pit with a concrete foundation and anchor bolts 
arranged in plan according to the holes on the genera¬ 
tor shaft flange shall be made on the assembly flow 
or on a nearby site within the reach of the main crane 
of the turbine house. A thin metal plate of a size 
slightly greater than that of the shaft flange is to be 
mounted on the anchor bolts above the foundation. 
The bolts must be designed to take equalizing forces 
equal to the lifting capacity of the crane to be used 
for fitting the hub on the shaft so that in the event 
of a seizure the hub could be pulled off the shaft. 
The pit must be deep enough to carry the hub over 
the shaft and the elevation of the concrete foundation 
top is to be designed so that hydraulic jacks could 
be mounted under the bearing surface of the hub. 
Hydraulic jacks will be required as stand-by facilities 
that can be used for pulling the hub off the shaft in 
the event of seizure. The generator shaft is to be moun¬ 
ted in the pit on the metal plate in a strictly vertical 
position and tightened up on the foundation with 
nuts. The vertical position is to be adjusted with the 
aid of shims placed between the flange and the plate 
and is checked against a level installed on the shaft 
end. Then the rotor hub is to be mounted on metal 
posts in a special tent which must comply with fire 
safety standards. In the action, the fitting places on 
the shaft and hub are to be checked for condition, 
the size of the key for compliance with that of the 
keyway, the fitting surface on the shaft and hub for 
height, the fitting places for relative diameters. The 
diameter of mounting belts on the shaft and on the 
hub is to be checked with the aid of a U-shaped frame 
and a pin gauge, respectively, that are to be made 
on site and incorporate micrometer heads. The data 
obtained are to be compared while measuring the pin 
gauge mounted along the diameter of the mounting 
belt bore with the aid of the same U-shaped frame. 

After the actual negative allowance of the hub 
has been determined, it is required to determine the 
temperature to which the hub must be heated so that 
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Phc. 130. Ilojnoc poTopa rH^poreHepaxopa: 

1 — H 30 JimjHOHHaH manSa; 2 — o6MoTKa B036y)KjjeHHH; 
3 — ycnoKOHTejibHan oSiwoTKa; 4 — coeAHHHxejibiiaH niHHa 
y cnoKOHTe jibhoh o6motkh; 5 — xboctobhk nojuoca ; 6 — nap- 
Hbie BcxpeBHbie KJimibH ; 7 — o6ofl poxopa; 5 — cepAe^HHK; 
9 - H30JIHLJHH CepAeMHHKa 


Fig. 130. Generator rotor pole: 

l — insulating disk; 2 — field winding; 3 — damping winding; 
4 — connecting bus of damping winding; 5 — pole tongue; 
6 — opposing pairs of wedges; 7 — rotor rim; 8 — core; 9 — 
core insulation 


Phc. 131. Ilojnoca poTopa c #By- 

MH XBOCTOBHKaMH ( 1 ) H CO Cne- 
nnajibHBiM flonojiHHTejiBHbiM Kpe- 
rniemieM o6motkh ( 2 ) 

Fig. 131. Rotor poles with two 
tongues (7) and with special ad¬ 
ditional bracing of winding (2) 



CepAe^HHK nojuoca H3roTOBJiHK)T H3 HaSopa toh- 

KHX lIITaMnOBaHHbIX JIHCTOB HH3KOKpeMHHCTOH HJIH 
o6bikhob eHHOH HH 3 K 0 yrjiep 0 AHCT 0 H CTajiH, cnpecco- 
BaHHOH H CTHHyTOH SoJITaMH B MOHOJIHTHblH MaCCHB. 
C OAHOH CTOpOHbl CepA^HHHKa HMeiOTCH OAHH HJIH A Ba 
XBOCTOBHKa T-o6pa3HOH (|)OpMbI, nOCpeACTBOM KOTO- 
pbix nojiioc KpenHTCH k odoAy poTopa (pnc. 130 h 
131). KpenjieHHe npOH3BOAHTCH nyTeM 3a0HBKH Me>KAy 
onopHbiMH njiocKocTHMH Ha xBOCTOBHKe h b na3y 
o6oAa napHbix BCTpeuiibix hjikhlcb 6 c KOHycHOCTbio 
1:200. Ha HeSojiBuinx rHAporeHepaTopax HHorAa nojno- 
cbi KpennT k o6oAy poTopa c noMontBio Sojitob. 

HHocTpaHHbie (Jjhpmbi HHorAa A^JiaiOT nojnocbi c 

MaCCHBHBIMH JIHTbIMH HJIH KOB aHHbIMH nOJHOCHBIMH 
SauiMaKaMH, hto no3BOJineT 0TKa3biBaTBCH ot a^mii- 
(JjepHOH oSmotkh, Tan nan A^MncJinpyioiAHe tokh 3aMbi- 
KaiOTCH b caMOM SaiHMaKe. B stom cjiynae nonepeHHan 
AeMntJiHpyioiAaH cncreMa o6pa3yercH coeAHHeHHeM mok- 
Ay SauiMaKaMH nojiiocoB. 


The pole core is assembled of thin stampings 
fabricated from low-silicon or standard low-carbon 
steel. The stampings are compressed and bolted together 
to form a solid structure. The core mounts on one 
end one or two T-shaped shanks through which the 
pole is secured to the rotor rim (Figs 130 and 131). 
The desired tightness of the joint is usually obtained 
by driving opposing paired wedges 6 with a taper 
of 1:200 between the bearing surfaces on the shank 
and in the rim slot. The poles of small generators 
are sometimes secured to the rim by means of 
bolts. 

Foreign manufacturers sometimes make poles with 
heavy cast or forged pole shoes which makes it possible 
to dispense with a damping winding as damping cur¬ 
rents close through the pole shoes proper. In such a 
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Phc. 132. KaTymna nojuoca poTopa 
romporeHepaTopa 


Fig. 132. Generator rotor field coil 


Phc. 133. riojnoc c c})opcKpoBaHHbiM B03- 
AyniHBiM oxjia/KfleimeM o6motkh 

Fig. 133. Pole with forced air cooling of 
winding 



OAHano cjieAyeT otmcthtb, hto MaccHBHbie nojnocbi 
HMeiOT TaiOKe H pHA HeAOCTaTKOB, K KOTOpbIM otho- 
chtch: MeHtmaH hx MexaimuecKan npouHocxt, noBbi- 
meHHbie noBepxHOCTHbie ncrrepH, ocobeHHo npn Majibix 
3a30paX, H CpaBHHTeJILHO BbICOKaH CTOHMOCTB H3r0T0B- 
JieHHH. 

OSMOTKa B036y>KAeHHH npe actub JineT co6oh KaTyrn- 
ny, HaBHTyio Ha cepAeuiiHK H3 tojioh njiocKOH mcah 
cneitHajibHoro npo(j)HJiH (pnc. 132). Me>KAy otacjib- 
HbiMH BHTKaMH KaTymKH Ha KJieiomeM Jiane KJiaAyT 
cooTBeTCTByioiAHe cjioh acfiecTOBOH h3ojihahh. KpoMe 
Toro, ajih BbipaBHHBaHHH TOJiiitHHbi MeAH Ha yrjiax 
no BHemHeMy paAHycy MeAH KJiaAyT eute AonojiHHTejiB- 
Hbie CJIOH 3T0H H30JIHIJHH. HT 06 bI yCHJIHTb 3(j)(})eKT 
oxjia>KAeHHH KaTymeK, HHorAa npHMeHHioT MeAB Tanoro 
npofjjHJiH, Koxopbiii HMeeT y b ejiHHeHHy io noBepxHocTB 
oxjiancAeHHH (pnc. 130). B coBpeMeHHbix KOHCTpyK- 
Ahhx THAporeHepaTopoB SojitmeH nacTbio npHMeHHioT 
TBepAyio rHjiB30Byio h30jihijhk) cepACHHHKa H3 cone- 


construction the cross-field damping system is formed 
by interconnecting the pole shoes. 

It should be pointed out, however, that solid poles 
are not deprived of certain shortcomings, such as, 
lower mechanical strength, higher surface losses, espe¬ 
cially at small gaps, and a relatively high cost. 

The field coil consists of a specially shaped bare 
copper strip wound on the core (Fig. 132). The inter¬ 
turn insulation is made of asbestos sheets set on an 
adhesive varnish between separate turns. Additional 
layers of this insulation are placed over the copper 
winding to round out the corners. Sometimes copper 
strips are selected of such a shape that they have an 
enlarged cooling surface so as to provide for more 
efficient cooling of the coils. (Fig. 130). Most modern 
hydrogenerators use core insulation in the form of 


247 
















































































































































































































































































pucKa 3 aeAaHHH BTyjiKH Ha Bajiy. TeMnepaTypy HarpeBa 
3aAaioT TanoH, hto6bi b KOHije noca^KH BTyjiKH Ha 
Baji oSecneHHBajica ^HaMeTpaJitHBiH 3a3op Me>KAy noca- 
Aohhbimh noHcaMH Ha Bajiy h BTyjiKe He MeHee 1 mm Ha 
i<a>K#Bie 1000 mm AHaMeTpa nocaAOHHoro Mecra, cHHTan 
no noHcy c HanSojiBHiKM HararoM. 

IIpH noAcneTe TeMnepaTypBi HarpeBa cjieAyeT hmctb 
b BHAy? hto noBBimeHHe TeMnepaTypBi Ha 100°C yse- 
jiHHHBaeT A^aMeTp BTyjiKH Ha 1,12 mm Ha na>KAi>ie 
1000 mm. IIpaKTHHecKH TeMnepaTypa HarpeBa BTyjioK 
HaxoAHTCH oObihho b npeACJiax 150—220°C b 3aBHCH- 
mocth ot BejiHHHHBi HaTHra h oKpy>KaiomeH TeMnepa¬ 
TypBi cpeAHi, b KOTopoii noMemeH Ban. BTyjiny Harpe- 
BaioT oSbihho MeTOAOM MarHHTHBix noTepL b >Kejie3e, 
AJiH nero Ha Hee HaMaTBiBaioT HeoSxoAHMoe kojihhcctbo 
bhtkob npOBOAa TpeOyeMoro ceneHHH. HHorAa sto 
coneTaiOT c ycraHOBKOH BHyTpH BTyjiKH jih6o BOKpyr 
Hee oahoh hjih HecKOJitKHX ajieKTpHuecKHX neneii conpo- 
THBJieHHH, XOTH B npHHAHne MOJKHO oSxOAHTBCH H 
6e3 HHX. 

B CBH3H CO CJIOJKHOCTBK) KOHtJjHiypaAHH BTyjIOK 
TeoperanecKH tohho paccnHTatB oSMOTKy He npeACTaB- 
JIHeTCH B03MO>KHBIM, IIOSTOMy A™ OUpCJJ^JieHUH. KOJIH- 
necTBa bhtkob, ceneHHH npOBOAa h APyrnx bcjihhhh 
MoryT Sbitb Hcnojn> 30 BaHBi npaKranecKne AaHHBie, 
npHBeACHHBie b TaSji. 12. IIojiB30BaTbCH stoh TaOjiHijeH 
cjieAyeT cobmcctho c pnc. 134. 


it can be easily fitted onto the shaft without seizure. 
The heating temperature is to be adjusted so that by 
the end of fitting the hub on the shaft a diametral 
clearance of at least 1 mm per every 1000 mm of the 
fitting surface diameter were obtained between the 
mounting belts on the shaft and on the hub, as refer¬ 
red to the belt where interference is the greatest. 

In calculating the heating temperature, it should 
be borne in mind that every rise of temperature by 
100°C increases the hub diameter by 1.12 mm per every 
1000 mm. As a rule, the heating temperature for the 
hubs is selected between 150 and 220°C depending on 
the desired negative allowance and the ambient tempera¬ 
ture about the shaft. The hub is to be heated using the 
standard iron loss method. To this end, a few turns 
of wire of the required sectional area are wound on 
the hub. Sometimes, one or more resistance furnaces 
are placed in addition inside or outside the hub, though 
these additional facilities can be easily dispen¬ 
sed with. 

Since the hubs are of a rather complicated shape, 
a theoretically accurate calculation of the winding is 
impossible. For the purpose, use can be made of data 
obtained by experience to determine the required num¬ 
ber of turns, cross-sectional area of conductors, and 
other characteristics. These data are presented in 
Table 12. When using this table, reference should be 
made to Fig. 134. 



Phc. 134. BTyjina poTopa (noAnHTHHKa) c HaMOTaH- 
hhmh BHTKaMH npOBOAa ajih HarpeBa nepeA nocaAKOH 
Ha Ban: 

1 — onopHbie TpyGbi; 2 — bhtkh nposoAa 
* -epeflHHH 


Fig. 134. Rotor (thrust bearing) hub with wound 
turns of wire for heating before fitting on the shaft: 
1 — support tubes; 2 — wire turns; 

* — average 
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T a 6 ji h a a 12 


OnblTHBIE AABHLIE HArPEBA BTYJIOK POTOPA (XTO^IIBTHHKA) 


Ce^cHHC 

npo- 

BOAHHKa, 

MM 1 

OGinan 

fljiHHa 

npOBOAHHKft 
H3 MeAH, 

M 

AnaMeTp BTyjiKH 
b cooTBeTCTByioineM ceqeHHH, 

MM 

06maH 

BfelCOTa 

BTyji¬ 

KH, 

MM 

OSiijaH 

Macca 

BTyji¬ 

KH, 

KT 

WHCJIO BHTKOB, HaMOTaHHbIX 

Ha COOTBeTCTByromHX 
ceneHHHX 

Cnjia 

TOKa, 

A 

Ha- 

npHHce- 

HHe, 

B 

TeMnepa¬ 

Typa 

HarpeBa, 

°C 

BpeMH 

HarpeBa, 

"i 


^3CP 

d a 

iD l 

iD 2 

l£ W 

iD 4 

50 

340 

3150 

2840 

2500 

2000 

2050 

36000 

32 

_ 

_ 

12 

250 

220 

150 

36 

50 

360 

2720 

2270 

1360 

1920 

1950 

23000 

18 

4 

27 

6 

280 

220 

170 

30 

75 

350 

3450 

2730 

1820 

2030 

2345 

43000 

20 

10 

16 

6 

380 

60 

170 

30 

75 

380 

3450 

2730 

1820 

2030 

2345 

43000 

8 

14 

31 

3 

350 

220 

150 

24 

75 

450 

3450 

2740 

2140 

2000 

2330 

43000 

13 

10 

14 

6 

210 

220 

180 

30 


Table 12 


EXPERIMENTAL DATA LOR MEATl-NG ROTOR HUBS (THRUST BEARING COLIARS) 


Conductor 

cross- 

sectional 

area, 

mm* 

Total 
length 
of copper 
conductor, 

m 

Hub 

diameter in respective 
section, 

mm 

Total 

height 

of 

hub, 

mm 

Total 

mass 

of 

hub, 

kg 

Number of turns wound 
on respective sections 

Cur¬ 

rent, 

A 

Volt¬ 

age, 

V 

Heating 

temper¬ 

ature, 

°C 

Heating 

time, 

h 



^smld 

°4 

iD t 


* ^arnid 

i0 4 

50 

340 

3150 

2840 

2500 

2000 

2050 

36000 

32 

_ 

_ 

12 

250 

220 

150 

36 

50 

360 

2720 

2270 

1360 

1920 

1950 

23000 

18 

4 

27 

6 

280 

220 

170 

30 

75 

350 

3450 

2730 

1820 

2030 

2345 

43000 

20 

10 

16 

6 

380 

60 

170 

30 

75 

380 

3450 

2730 

1820 

2030 

2345 

43000 

8 

14 

31 

3 

350 

220 

150 

24 

75 

450 

3450 

2740 

2140 

2000 

2330 

43000 

13 

10 

14 

6 

210 

220 

180 

30 


BBHAy Toro HTO 3JieKTp0H30JIHAHH HaMaTBiBaeMoro 
npOBOAa He BBiAep>KHBaeT TeMnepaTypBi, ao KOTopon 
HarpeBaercH BiyjiKa, Me>KAy BTyjiKOH h npoBOAHHKaMH 
HeoSxoAHMo npoKJiaABiBaTB TernioByio h30jihahio, ac6e- 
CTOByiO HJIH Apyryio. IIpHMeHHTB TOJIBIH npOBOA 
HeyAofiHo: TpyAHO HaraHyTB bhtkh TaK, htoSbi npn 
HarpeBe He 6bijio MejKBHTKosoro 3aMbiKaHHH; KpoMe 
Toro, noBBimaeTCH onacHocTB npoH3BOACTBa pafioT. 

HarpeTyio ao 3aAaHHOH TeMnepaTypBi BTyjiKy ocbo- 
6o>KAaioT ot oSmotkh h. He ybnpan maTpa, nepe3 chh- 
Tyio KpBiniKy 3acTponjiHBaiOT no ypoBrno k KpaHy 
TaK, hto6bi ocb pacromcH 6biJia crporo BepTHKajiBHOH. 
3aTeM BTyjiKy KpaHOM iioahocht k Bajiy, ACJiaioT 
KOHTpOJIBHBIH 3aMep IIOCaAOHHBIX MeCT H Haca>KHBaiOT 
ee Ha Baji, cjicah 3a HanpaBjiemieM iimoHKH h 3a tcm, 
hto6bi BTyjina KOCHyjiacB nocaAOHHoro dypTHKa 
Ha Bajiy. 


Since the conductor insulation cannot withstand 
the heating temperature specified for the hub, the 
conductors must be insulated from the latter by a 
heat-resistant material, such as asbestos or the like. 
Bare conductors are not suitable for the purpose for 
to wind them so that short circuits at heating were 
excluded is a difficult problem. Safety of working men 
is also a consideration that must be taken into 
account. 

The winding is to be removed after the hub is 
heated to the desired temperature. Thereupon, the 
cover is taken off (without removing the tent) and 
slings are attached against the level to the hub and the 
crane so that the centre line of the bore is set strictly 
in the vertical position. Then the hub is carried by 
the crane to the shaft, the fitting surfaces are finally 
checked up, and the hub is fitted on the shaft. In 
the action, care shall be taken to observe the direction 
of the key and to see that the hub has touched the 
locating boss on the shaft. 
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o6o#a poTopa. K HK>KHeMy 4>jiaHity BTyjiKH npHKpen- 
JIHIOX BpeMeHHBIMH SoJIXaMH HHJKHHH AHCK 3 KpeilJie- 
hhh cmm; ocTOBa. TaK Kan 3tot ahck b AaJiBHeiimeM 
CJiy>KHT HCXOAHOH 6a30H RJ17L cSopKH OCTOBa pOTOpa, 
OH AOJIH<eH HaXOAHTfcCH B CTporO r0pH30HTaJH>H0M 
IIOJIO >KeHHH, HXO BBIBepHIOT C nOMOIABK) ypOBHH HJIH 
HHBejiHpa, npn sxom b cjiynae hhaoShocxh ero bbicot- 
Hoe nojio>KeHHe peryjinpyiOT npOKjiaAKaMH Me>KAy 
TymSaMH n hh>khhm 4)JiaHu;eM BcnoMoraxejiBHOH 
BTyjiKH 2 . 

ITocjie KpenneHHH nn>KHero A^cna k BcnoMoraxejiB- 
hoh BTyjiKe n BBiBepKH ero ropH30HTajiBHoro nojio- 
JKeHHH CTaBHT CnHIJBI 5, KOTOpbie OAHHM KOHAOM onn- 
paioTCH Ha TyMSbi 4, a ApyrnM — Ha hhhchhh ahck 3 . 
Cnmjbi KpenHT k AHCKy BHanajie c noMomBio BpemeH- 
hbix cTH>KHbix umHJieK (no 3—4 innujiLKH Ha i<a>KAyio 
cnnAy) h (J )HKCH PyK> T hx nojio>KeHHe othochxcjibho 
AH cna nocTOHHHbiMH mrouiBKaMH (no 2 inxyKH). Bee 
ocTajibHbie nocTOHHHbie xnnHJibKH 3aBOAHx n 3axnrH- 
BaiOT nocjie ycTaHOBKH h KperuieiiHH BpeMeHHbiMH 
ninnjibKaMH BepxHero AHcna 6. 

OnoHnaTejibHo Bee BepxHHe n hhjkhhc innujiLKH 
ycraHaB jihb aiOT h 3axnrHBaiOT OAHOBpeMeHHo no Bepx- 
HeMy n HH>KHeMy AHCKaM 3 co6jnoAan npn sxom npHBe- 
AeHHbie Bbiine npaBHjia h HopMbi Ha njioxHOCXb coeAH- 
HeHHH. Bo H36e>i<aime nepeKOCOB, Bbi3biBaeMbix HepaB- 
HOMepHOcxbio Harpy3KH Ha BpeMeHHyio BxyjiKy, cnHijbi 
cjieAyex cxaBHXb noonepeAHO c npoxHBonojio>KHbix 
cxopoH. Ecjih npn ycxaHOBKe kohhhcckhx mnHJiei< 
rjiaAKan naext hx 6yAeT Bbicxynaxt 3a ahck hjih cmiuy, 
xo innHJiBKy cneAyex npoxonnxB hjih nc>AJio)KHXB noA 
raiiKy mafiSy cooxBexcxByiomeH tojiiahhbi. 

^toGbi conpHHceHHe miiHJieK c ahck3mh h cimijaMH 
poxopa 6buio HanSojiee iuiothbim, 3axnrnBaxB Ha hhx 
raHKH cneAyex BHanane co cxopOHbi xoHKoro, a 3axeM 
co cxopoHbi yxojiiAeHHoro KOHAa innHJiBKH. 

CnocoSbi npoBepKH npaBH jibhocxh cSopKH, Aony- 
cxHMbie oxKJioneHHH h MexoA^i HcnpaBJieHHH Aony- 
ujeHHbix npn H3roxoBJieHHH h cGopne Ae4)eKX0B h3jio- 
HceHbi Bbiine. 


used as a reference base for assembling the rotor spider, 
it must be positioned strictly horizontally. To this 
end, use shall be made of a level or a transit and its 
vertical position is to be adjusted by shims placed 
between the posts and the bottom flange of auxiliary 
hub 2. 

After the bottom disk is fastened on the auxiliary 
hub and levelled off thereon, it is necessary to install 
spokes 5 which should rest with one end on posts 4 
and with the other on bottom disk 3. The spokes are 
to be attached to the disk first with auxiliary studs 
(3 or 4 studs per spoke) and then fixed in position 
on the disk with permanent studs (2 studs per spoke). 
All the remaining permanent studs are to be driven 
in after upper disk 6 is mounted and secured with 
auxiliary studs. 

All the top and bottom studs are to be finally 
installed and tightened up on the top and bottom 
disks simultaneously observing the above-given instruc¬ 
tions for installation and specified tightness of joints. 
To avoid misalignment resulting from unequal thrusts 
on the auxiliary hub, the spokes shall be installed one 
after another from opposite sides. If the flat surface 
of a cone stud juts beyond a disk or a spoke, the stud 
is to be turned down or an appropriate washer is to 
be placed under the nut. 

In order to provide a tight joint between the studs 
and the disks and spokes, the nuts shall be tightened 
up first on the thin end and then on the thick end of 
the stud. 

The procedures of checking for proper assembly, 
permissible tolerances, and methods of correcting 
manufacturing and assembly defects have been already 
described above. 
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F. CKOPKA II OIIPECCOBKA 
IIIHXTOBAHHOrO ODOftA POTOPA 


1). ASSEMBLING AND COMPKiiSSLNG 
A LAMINATED ROTOR RIM 


B 3aBHCHMOCTH ox KOHCxpyKijHH h raflapHXOB poxo- 
poB, a TaioKe ot KOJinnecxEa ycxaHaBjiHBaeMbix Ha T3C 
arperaxoB cSopny h onpeccoBKy cxajin ofloAa poxopa 
npoH3BOAflx pa3JiHHHBiMH cnocofiaMH. Ecjih raflapHXbi 
pOTOpOB CpaBHHXeJIBHO HeBeJIHKH H Ha F3C He SoJIBHie 
4— 6 arperaxoB, o6oa o6bihho cofinpaiox Ha AOMKpaxax 
hjih cneAHajiBHBix MexajuiHnecKHX xyMfiax, a onpeccoBKy 
nanexoB ofloAa bbihojihhiox c noMoiABio Bp eMeHHBix 
cxhjkhbix uimuieK h nHeBMoraiiKOBepxoB (pnc. 137). 
IIpH 3TOM Rim (j)HKCHp OB 3HHH nOJIOJKCHHH JIHCXOB CXaJIH 
Ha Ka>KA*>ifi cerMeHx ycxanaBJiHBaiox 3—4 nocxoHH- 
Hbie hi muiBKH. OfloAbi 6ojiee KpynHbix poxopoB npn 
Sojibihom HHCjie arperaxoB Ha T3C coflnpaiox xannee 
Ha Ao^paxax hjih Ha cneijHajiBHbix cxeHAax. Onpec¬ 
coBKy cxajin b sxom cjiynae npoH3Bo ahx npn noMoiAH 
3aACJiaHHbix b 6exonnoM ocHOBaHHH mnHjieK c 6ajii<aMH 
h raHKOBepxoB (pnc. 138), jih6o c noMoiA^io thapo- 
AOMKpaxoB Ha cneuHajiBHOM cxeHAe KOi-icxpyKAHH xpeexa 
„CneArHApo3HeproMOHxa>K cc (pnc. 139). C6opi<y cxajin 
b A^yx nocjieAHHx cjiynanx npoH3BOAnx Ha cneAHajiB- 
Hbix KajinSpax, ocxaBJineMbix b ofioAe. 

JIhcxbi cxajin odoAa onpeccoBbiBaiox cnocofioM, 
noKa3aHHbiM Ha pnc. 138, b hcckojibko npneMOB xan, 
nxofibi Bbicoxa KancAoro nanexa 6buia He 6ojiee 500— 
600 mm. Cnoco6 onpeccoBKH c noMomtio pacnpenjieH- 
Hbix b GexoHHOM ocHOBaHHH mnHjieK (pnc. 138) n03- 
BOJiaex yBejiHHHXB axy Bbicoxy ao 1100—1300 mm, a 
BHeApeHHbiH Ha T3C cnocofl onpeccoBKH c noMomBio 
rHApoAOMKpaxoB (pnc, 139) — npoH3BOAHXB sxy one- 
paAHio 3a oahh npneM He3aBHCHMO ox Bbicoxbi ofioAa 
poxopa. Ilpn onpeccoBKe b HecKOJiBKo npneMOB Ka>K- 
Abiii onpeccoBaHHbiH nanex nepeA cSopKoii jihcxob 
nocjieAyioiAero nanexa yAcp>KHBaexcH b onpeccoBaH- 

HOM COCXOHHHH CneAHaJIBHbIMH CTHJKKaMH HJIH >Ke 
njiaHKaMH, npHBapeHHbiMH cHapy>KH h H3HyxpH ofioAa. 


The iron stacks of the rotor rim are to be assembled 
and compressed by different methods depending on 
the construction and size of the rotor and also on the 
number of hydropower units installed on the power 
plant. 

With a small rotor and not more than 4 to 6 units 
installed on the plant, the rim is usually assembled 
on jacks or on special metal posts and the stacks are 
compressed by means of auxiliary clamping studs and 
pneumatic nut wrenches (Fig. 137). In the process, 
3 or 4 permanent studs are installed on each segment 
to hold the iron stampings in position. The rims of 
larger rotors and on power plants containing a greater 
number of power units are also assembled on jacks 
or on special benches. Iron stampings are pressed 
together in this case by means of studs with bars 
embedded in the concrete foundation and by nut 
wrenches (Fig. 138) or with the aid of hydraulic jacks 
on a special bench designed by the “Spetzgidroenergo- 
montazh” trust (Fig. 139). Iron stampings are assembled 
in the two latter cases on special formers which are 
then left in the rim. 

The rim stampings are to be compressed using the 
procedure illustrated in Fig. 138 and proceeding in a 
few steps so that the height of each stack was not over 
500 or 600 mm. If the stacks are compressed by means 
of studs embedded in concrete (Fig. 138) the stack 
height may be increased to 1100 or 1300 mm. When 
hydraulic jacks are used for the purpose (Fig. 139), 
the procedure may be completed within one step 
irrespective of the rim height. When compression is 
made in several steps, each compressed stack is to 
be held in position, prior to compressing the next 
stack, with the aid of special braces or strips welded 
on the inside and outside of the rim. After the rim 



Phc. 137. C6opKa oSo^a poTopa Ha aom- 
KpaTax npn onpeccoBKe BpeMeHHbiMH 
mniiJiBKaMH: 

1 — MOHTajKHan BTyjiKa; 2 — emmbi; 3 — Bpe- 
MeHHbie mnHJibKH; 4 — ynopHbie TpyGbi; 5 — 
CTajis oSojja ; 6 — aomkpst ; 7 — onopHan TyiuGa 

Fig. 137. Assembly of rotor rim on 
jacks when compressing with temporary 
studs: 

1 — erection sleeve; 2 — arms; 3 — temporary 

studs; 4 — thrust tubes; 5 — rim iron; 6 — jack; 
7 — support pedestal 
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Phc. 138. C 6 opKa o 6 o^a c onpeccoBKOH raiiKO- 
sepTaMH npH noMomu cnei^najiLHoro onpeccoBon- 
Horo npncnocoSjieHHH: 

1 — MOHTa>KHaH BTyjiKa; 2 — cnmjbi; 3 — moht3>khli e xyM- 
6ti; 4 — floMKpaTbi; 5 — cTam. 0603 a; 6 — cxHHtHbie mnHJib- 
kh; 7— (JpHKcaxopbi; 8 — ynopHbie Sano^KH; 9 — xpaBepca 
7, II — onpeccoBKa 

Fig. 138. Assembly of rim with compressing by 
nut drivers with the help of special compressing 
tool: 

1 — erection sleeve; 2 — arms; 3 — erection pedestals; 4 — 
jacks; 5 — rim iron; 6 — clamping studs; 7— retainers; 

8 — thrust beams; 9 — cross-beam 
I, II — compressing 


Phc. 139. CSopKa o6o#a poTopa 
Ha cneimajn>HOM cTeHfle c onpec- 
COBKOH rHtfpOflOMKpaTaMH: 

1 — moHTaHCHaH BTyjiKa; 2 — cnupbi; 

3 — MOHxa>KHbie Ty*i6bi; 4 — ruflpo- 
flOMKpaTbi; 5 — onpeccoBonHbiii cxeHfl; 
6 — Kajmdpbi; 7 — ynopHbie 6ajicra<H; 
8 — xpaBepca 

Fig. 139. Assembly of rotor rim 
in special rig with compressing 
by hydraulic jacks: 

1 — erection sleeve; 2 — arms; 3 — erec¬ 
tion pedestals; 4 — hydraulic jacks; 5 — 
compressing rig; 6 — gauges; 7 — thrust 
beams; 8 — cross-beam 
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Ilocjie oKOH^aHHH cSopKH o6oAa njiaHKii cpyfiaiOT, a 
Aiecra npHBapKH 3anuiH(J)OBBiBaiOT nHeBMonunnhoBajiB- 
HOH MaiUHHKOH. 

IIpn cflopne h onpeccoBKe ctujih oSo^a HeoSxoAHMO 
BbinojiHHTb cjieAyiouiHe ofimne pjisi Bcex cnocoSoB 
TexHOJiorn^ecKHe TpefioBaHHa. IIoBepxHocTB cerMeHTOB 
CTajiH nepeA cGopnoH b o6oa HaAO TiqaTejiBHO ohhcthtb 

OT aHTHK0pp03HHHbIX IIOKpblTHH, p>KaBHHHBI H 3ay- 
ceHiteB, ecjiH ohh ocrajiHCB Ha cerMeHTax nocjie urraM- 
noBKH. 3th paSoTbi Ha MajioarperaTHbix F3C npons- 
boa^t BpyHHyio hjih c noMOHjBK) cneijHajiLHoro npn- 
cnocoSjieHHH — nepeoSopyAOBaHHon cxaHAapraoH Ma- 
IHHHKH AM UIJIHC{)OBKH M03aHHHbIX nOJIOB, B KOTOpOH 
3aMeHHiOT a6pa3HB h AoSaBjimoT crrajibHbie HjeTKH. 
Ha MHoroarperaTHbix T3C npHAieHmoT cneijHajiBHbie 
MauiHHbi. IIpHMeHeHHe gjm sthx paSoT TaKHx MauiHH 

n03B0JIHeT B A -5 pa3 nOBBICHTb npOH3BOAHTeJIBHOCTB 

TpyAa (hto BecBMa Ba>KHo, tslk Kan TpyA03aTpaTbi npn 
pyHHOH 3aHHCTKe AOCTHraiOT 40—45% Bcex TpyA03aTpaT 
Ha cOopKy poTopa) h aoOhtlch 6ojiee BbicoKoro Kane- 
cxBa paOoT. 

MaiHHHa (pnc. 140) coctoht H3 iipnMoyrojiLHoro 
Kopnyca, noAaiomHx h omimaiomHx MexaHH3MOB. Pa6o- 
TaeT OHa cjieAyiomHM o6pa30M. 

CTajiBHOH jihct nepe3 HanpaBJiHioutHe yrojiBHHKH 
24 h noAaioujHe pH^jieHBie Bajibi 7 npoTa jikhb aeTCH 
nepe3 npope3B 23 c pe3HHOBbiMH yiuiOTrieHHHMH k 
B ajiaM 27 c MeTajuiHHecKHMH meTKaMH; Bajibi 27 Bpa- 

HtaiOTCH B HanpaBJieHHH, oSpaTIIOM ABH>KeHHK) JIHCTa. 

Hepe3 TpyOonpoBOA 6 b KopoOny hoaboahtch nap c 
TeMnepaTypoH 105 — 110°C; bbixoah nepe 3 Kajinfipo- 
BaHHbie OTBepCTHH, nap c ofienx cropoH HarpeBaeT 
jihct h pa3>KH>i<aex Ha HeM Macjio. Chhtbic ntexKaMH 
rpH3B H p>KaBHHHa BMeCTe C MaCJIOM OT6paCbIBaiOTCH 
Ha CTeHKH KaMepbi, OTKyAa BMecTe c KOHAeHCHpOBaH- 
HbiM napoM CTenaiOT bhh 3 no cjihbhoh Tpy6e 20. 

IlapoBaH KaMepa pasACJiena BepTHKajiBHOH nepe- 
ropoAKon c npope3Bio, b KOTopon ynjiOTHHioiAaH pe3HHa 
ycTaHOBJieHa Tan, hto jihct, npoxoAH nepe 3 3 Ty npo- 
pe3B, nocTynaeT b nncTyio KaMepy k cjiCAyiomeii nape 
BajiHKOB co meTKaMH h k (JjopcyHKaM c napoM, rAe 
npOH3BOAHTCH 6oAee HHCTan oSpaOoTKa. 

Ilocjie BbixoAa H3 hhctoh Kawepbi jihct BCTpe- 
naexcn c njiacTHHnaTOH nenhio, Koxopaa abhhcctch b 
rionepennoM HanpaB jichhh . YcTaHOBjieHHbie Ha nenn 
HanHJIBHHKH CHHM3IOT 3ayceHI(bI C KpOMOK OTBepCTHH 
h Bbipe30B Ha jiHCTe. Ilocjie 3Toro jihct npoxoAHT 
Me>KAy BajiaMH 10 > oSjiHitOBaHHbiMH pe3HHOH co cnn- 
pajiBHbiMH KaHaBKaMH, no KOTOpbiM ocTaBinancH Ha 
JiHCTe BJiara croHHexcn b CTopoHy. 3aTeM jihct nocry- 
naeT k npneAiHbiM BajiaM 77, nocjie nero hact Ha Becbi 
AJiH B3BeniHBaHHH c TeM, HToObi b KaH<AOM pHAy oOoAa 
pacnojiarajincb jihctbi oAHHaKOBOH Maccbi. B 3 BemeH- 
Hbie C TOHHOCTBIO AO 0,5 KP JIHCTbl yKJiaAbIBaiOT B 
COOTB eTCTBHH C HX MaCCaMH B OTAeJIBHbie IiaKeXbl, 
KOTopbie h nocTynaiOT Ha Moirra>KHyio njiontaAKy 
cOopKH oOoAa. 


is fully assembled, the strips are to be chipped off and 
the points of their welding shall be ground with a 
pneumatic grinder. 

When assembling and compressing the rim stacks, 
the following general requirements must be complied 
with irrespective of the procedure used. The surfaces 
of the iron segments shall be thoroughly cleaned of 
slushing grease, rust, and burrs that may remain 
after stamping. Only after that they may be assembled. 
Where a power plant comprises a small number of 
units, these jobs are to be carried out manually by 
means of a standard machine for polishing inlaid 
flooring that is specially modified for the purpose, 
that is, its grinding stone is replaced and steel brushes 
are added. Where the power plant contains a great 
number of power units, special machines are used for 
the purpose. The use of such machines makes it possible 
to raise labour productivity four or five times (this 
is essential because labour consumed in manual grind¬ 
ing and polishing makes up 40 to 45% of all work 
required for assembling the rotor) and to attain higher 
quality of work. 

The machine (Fig. 140) consists of a rectangular 
housing, feeding and cleaning mechanisms. It functions 
as follows. 

A steel stamping is pushed through slits 23 with 
rubber seals via guide angles 24 and fluted feeding 
shafts 7 and arrives at shafts 27 carrying metal brushes. 
Shafts 27 rotate in the direction opposing the move¬ 
ment of the stamping. Steam heated to 105 or 110°C 
is supplied to the box through pipeline 6 ; as the steam 
passes through calibrated holes, it heats up the stamping 
on both sides and thins oil coating on the stamping. 
Dirt and rust removed by the brushes and thinned oil 
are carried away to the walls of the chamber wherefrom 
they are discharged together with condensed steam 
through drain pipe 20. 

The steam chamber is divided by a vertical partition 
having a slit in which sealing rubber is placed so that 
the stamping passed through this slit is delivered to 
the clean chamber where another pair of shafts with 
brushes and nozzles with steam gives it a finishing 
treatment. 

Upon leaving the clean chamber the stamping 
meets a band chain that moves cross-wise. The chain 
carries files which remove burrs from the edges of 
holes and cuts on the stamping. Thereupon, the stamp¬ 
ing is passed between shafts 10 lined with rubber 
having spiral grooves which catch remaining moisture 
on the stamping and carry it away. Then the stamping 
is delivered to intake shafts 77 after which it arrives 
at scales whereon it is weighed. Weighing is necessary 
because each row of the rim must contain stampings 
of the same mass. The stampings are weighed accurate 
to 0.5 kg and stacked according to their mass. The 
weighed-out stacks are delivered to the erection floor 
for assembling the rim. 
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Phc. 140. Manama jpiH omicTKii cia:iii o6ofla 
poTopa: 

1 — Baji no^aMH; 2 — npy>KHHa narpy3Kn; 3 — noBopOTHbie 
Kopnyca ,o;jih BanoB ; 4 — cMOTpoBtie jiiokh ; 5 neperopo^Ka; 
6 — naponpoBOfl; 7 — na3 Kopnyca Bajia; 8 — (JwiaHpbi 

KpenJieHHH Kopnyca; 9 — perynHTOp Ha>KHMa nenn; 10 
Ban co cnnpajiBHoii pe3HHon; 11 — npHeMHBie Bajibi; 12 — 
ijeiib Tan jib, mar 40; 13 — motop c peflyKTOpoiw; 14 — ^epBHn» 
hbih peAynTop; 15 — neiib Fa jijih , mar 40; 16 — 6aniMaK 
c HannjibHHKaMH; 1 7 — Tara nepeMenjeHHH Bajia; 18 Kop¬ 
nyca noAmnnmiKOB; 19 — imtuBBi Bana; 20 — cjiHBHan 

Tpyga; 21 — TeKcxponHbie peivum; 22 — motop; 23 — npo- 
pe3t b naiwepe; 24 — HanpaBJimomnn yrojitHHK; 25 — ijenb 
Tajum; 26 — coOnpaTejib BJiarn; 27 — Ban co CTanbHtiMH 
mexKaMH 


Fig. 140. Machine for cleaning the rotor rim steel: 


1 — feed shaft; 2 — loading spring; 3 — shaft turning units; 
4 — sight holes; 5 — partition; 6 — steam piping; 7 — shaft 
slot; 8 — flanges for mounting the frame; 9 — chain pressing 
adjuster; 10 — shaft with spiral rubber; 11 — receiving shafts; 
12 — Gall’s chain, pitch 40; 13 — motor with reducer; 14 — 
worm reducer; 15 — Gall’s chain, pitch 40; 16 — shoe with 
files; 17 — rods for shaft movement; 18 — bearing housings; 
19 — shaft pulleys; 20 — drain pipe; 21 — texrope belts; 
22 — motor; 23 — slot in chamber; 24 — guiding angle; 

25 — Gall’s chain; 26 — moisture trap; 27 — shaft with steel 
brushes 


He3aBHCHMO ot MecTa pacnojio>i<eHH5i TOpM03Horo 
AHCKa c6opKy o6o#a cjieAyeT Ha^miaTb c ycraHOBKH 
TopM03Hbix cerMeHTOB (pHc. 141), pacnojiaran hx 

r0pH30HTaJlbH0 H B CTpOrO KOHIjeHTpHUHOM no OTHOOie- 
HHK) K OCH n0J10H<eHHH. IIpH 3T0M AOIiyCTHMbl OTKJIO- 
HeHHH ot cpeAHero BbicoTHoro 3HaneiiHH n cpeAHero 
pa^nyca, He npeBbimaioiqHe ±0,5 mm. 


The rim shall be assembled starting from the brake 
segments, irrespective of the location of the brake 
disk. The segments (Fig. 141) are to be arranged hori¬ 
zontally and must be concentric with respect to the 
centre line. Permissible deviations from the average 
height and radius should not exceed ± 0.5 mm. 
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YnjiaAbiBaTb cerMeHTbi crajra na>KAoro pwa y 

pOTOpOB C OAHOXBOCTOBbIMH IIOJIIOCaMH HeofixOAHMO 

co CABHroM Ha oaho noJiiocHoe AeJieHne, a poTopoB c 
nojnocaMH, HMeioiqBMH no ABa xBocroBHKa, — Ha 
nojioBHHy nojnocHoro AeJie hhh. Y cerMeHTOB nepBoro 
yKJiaABiBaeMoro paAa HaAO chhtb $acKH, Tan ksk nepe- 
XOA OT BepTHKaJIbHOH nOBepXHOCTH nOJIOCbl k onop- 
HOMy 3 y 6 y AOJiaeTCH no paAHycy. KpoMe Toro, npn 
yKJiaAKe nepBoro pHAa Hy>KHO cjicahtb 3a Tern, htoObi 
nojnocHbie na3bi cooTBeTCTBOBajiH MecTy pacnojionce- 
hhh TOKonpoBOAa Ha cnnitax ocTOBa. 

Ilocjie OKOHuaTejibHOH cthhckh ofioAa poTopa c 
noMoutbK) BpeMeHHbix mnnjieK hjih rnApoAOMKpaTOB 
OTBepCTH H nOA nOCTOHHHbie HinHJIbKH HeofixOAHMO 
npoKaJindpoBaTb. KajmfipoBKy, hjih AOpHOBKy, Bbinoji- 
hhioi cneAHajibHbiMH npomHBKaMH (AOpHaMH), KOTOpbiM 
nepeAaeTCH yAapHan Harpy3Ka ot nHeBMOMOJioTKa uepe3 
cneitHajibHyio yAJiHHHTeJibHyio onpaBKy. 3aTeM Ta Kme 
npn noMoiAH nHeBMOMOJioTKa h cneimajibHbix onpaBon 
(pnc. 142) b nponiHTbie OTBepcrHH 3a6HBaioT nocroHH- 
Hbie innHJibKH. 

Ilocjie onpeccoBKH crajm o 6 oAa najinfipyioT na 3 bi 
nOA KJiHHbH KpenJieHHH odoAa k cnnitaM h noA xbocto- 
bhkh nojnocoB. B nocjieAHeM cjiynae HHorAa npn stom 
H cnoJib 3 yeTCH KpaH ManiHHHoro 3ana (pnc. 143). 

Ilocjie onpeccoBKH h npoBepKH kohachtphuhocth 
o6oA AOJ!^ eH SbITb paCKJIHHeH K dlHIjaM C nOMOIAblO 
napHbix BCTpeHHbix KJiHHbeB. 3 a cueT sthx KJiHHbeB 
npn h 3 ao 6 hocth mo>kct 6 biTb HcnpasjieHa Hebojibuian 


The iron segments are to be staggered from row 
to row through a pole pitch for rotors having single¬ 
shank poles and through half the pole pitch for those 
having two-shank poles. The segments of the first 
row are to be chamfered because the transition from 
the vertical surface of the strip to the thrust tooth 
is made radially. Besides, in placing the first row care 
shall be taken to position the pole slots in accordance 
with the location of the current conductors on the 
spider spokes. 

After the rotor rim is finally clamped with auxiliary 
studs or by means of hydraulic jacks, the holes to 
receive the permanent studs must be broached to size. 
Broaching is to be made with special broaching tools 
actuated by a hydraulic hammer through a special 
extension piece. Permanent studs are then driven into 
the sized holes by means of a pneumatic hammer and 
special extension pieces (Fig. 142). 

Upon compressing the rim stampings, the slots 
to receive rim-to-spokes fastening wedges and pole 
shanks are to be sized. For sizing out the pole shank 
slots use is sometimes made of the turbine house crane 
(Fig. 143). 

Upon compressing and checking the rim for con¬ 
centricity it will be necessary to fix the rim to the 
spokes by means of opposing paired wedges. These 
wedges may also slightly correct the rim if not accu- 


Phc. 141. YcTaHOBKa cerMeHTOB Top- 
M03Horo AHCKa poTopa ra^porene- 
paTOpa Ha cneimaJibHOM cbopoHHOM 
CTeHAe (EpaTCKaH T3C) 

Fig. 141. Installation of brake disk 
segments of generator rotor in special 
assembly rig (Bratskaya hydroelectric 
power plant) 
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Phc. 142. OnpaBKH ^;jth 3a6nBKH uinn- 
JieK b oTBepcTHH o6o#a poTopa: 

1 — najien ; 2 — onpaBKa ; 3 — nmmibKa ; 4 — 
KJienajibHbiii mojiotok 

Fig. 142. Mandrel for driving studs into 
rotor rim holes: 

1 — pin; 2 — mandrel; 3 — stud; 4 — riveting 

hammer 


Phc. 143. IIpoTHHCKa na30B no# xbo- 
ctobhkh nomoca: 

1 npOTHJKFta HJIH ) jflOpH* 1 J 2 pbIM j 3 TPOC 

Fig. 143. Broaching of slots for pole 
tongues: 

1 — broaching tool; 2 — eyebolt; 3 — cable 



HeKOHi^eHTpH^HOCTL. PacKJiHHOBKa AonycTHMa h nocjie 
HaBecKH iiojiiocob, o^Hano b tom h ApyroM cuiyuae 
3 to ^ejiaeTCH c np e ab apHTeJiBHbiM pa3orpeBOM o6o^a 
poTopa. 

Tohkhh KOHeq BepxHero KJiHHa aojihcch aohth ao 
yTOJimeHHoro KOHqa HJOKHero KJiHHa, KOToptiH ycTa- 
HaBJiHBaiOT 3anoAJiHqo c hidkhhm naKeTOM o6oAa 
poTopa. J^onycKaeTCH CMenterme BBepx yTOJimeHHoro 
KOHAa HHJKHero KJiHHa, a Taioice tohkopo Konqa 3a6n- 


BaeMoro cBepxy KJiHHa ot mDKHefi kpomkh ofioAa 
poTopa b npe^ejiax ao 60 mm. 

IlocKOJiBKy conpOTHBJieHHH onpeccoBKe b pa3Hbix 
ceneHunx oSoAa pa3JiiiuHbi, rjih . nojiyqeHHH 6ojiee 
paBHOMepHOH IIJIOTHOCTH oSOAa HeoSxOAHMO npH XIOMO- 
mn nHeBMOMOJiOTKOB (puc. 144) AonpeccoBbiBaTB MCHee 
njiOTHbie y^acTKH. 

IlaKeTbi o6oAa poTopa onpeccoBbisaiOT ao njiOT- 
Horo npHJieraHHH cemeHTOB Apyr k Apy ry • J^onyc- 



Phc. 144. riHeBMOMonox ,h;jih onpeccoBKH o6o#a po¬ 
Topa: 

1 — dmaHeij; 2 — KOHTpraiiKa; 3 — orpaHHUHTent; 4 — noa- 

Becua; 3 — npy>Knna; 6 — uitok ; 7 — nopmeHt 

Fig. 144. Pneumatic hammer for compressing the 
rotor rim: 

1 — flange; 2 — lock nut; 3 — stopper; 4 — hanger; 5 — spring; 
6 — rod; 7 — piston 


KaiOTCH JIHIHB MeCTHbie HeiUIOTHOCTH AO 0,5 MM TOJIbKO 
Ha OTAejibHbix pa36pocaHHbix yuacTKax. Jlmma oahoto 
HeruiOTHoro ynacTKa hjih cyMMapnan Amnia Bcex TaKHx 
ynacTKOB, pacnojio>KeHHbix Ha oahoh CTopoHe cerMeHTa, 
He AOJBKHa npeBbimaTb 20% A^HHbi otoh ctopohm cer¬ 
MeHTa. Ilo BbICOTe 060A MO>KeT HMCTb OTKJIOHeHHH 
He 6ojiee 1% ot npoeKTHoft bbicotbi. 

npH 3aTH>KKe nOCTOHHHbIX HIIIHJieK HeoOxoAHMo 
ocoSeHHO cjieAHTt 3a paBHOMepHocTBio C03AaBaeMbix 


rately concentric. Wedges can be also driven in after 
the poles are mounted in position. In either case, 
however, the rim must be heated prior to this pro¬ 
cedure. 

The thin end of the top wedge must reach the 
thick end of the bottom wedge, the latter being fitted 
flush with the bottom stack of the rim. The thick end 
of the bottom wedge may be displaced upwards and the 
thin end of the top wedge, from the lower edge of the 
rim within the limits of up to 60 mm. 

Since the rim opposes the compressing forces dif¬ 
ferently at different sections, for the final operation 
loose sections shall be additionally compressed with 
the aid of pneumatic hammers (Fig. 144) to ensure a 
more uniform tightness of the rim. 

The rim stacks are to be compressed until the 
segments are tightly fitted to each other. Local loose 
joints up to 0.5 mm may be admitted only on separate 
random sections. The length of a loose section or 
the total length of all such sections arranged on one 
side of a segment is not to exceed 20% of the length 
of the very side of the segment. The rim height may 
deviate from the design value by not over 1 %. 

In tightening up permanent studs particular atten¬ 
tion shall be given to the uniformity of strains set up 
in them. These strains must never exceed the specified 
values. In order to attain uniform specified strains 
in the studs, nut wrenches used for the purpose should 
be specially calibrated to afford these strains. After 
the studs are tightened up well home, their nuts shall 
be welded to the rim and to the studs. 

Table 13 gives permissible deviations from design 
sizes. 


B HHX HanpHHCeHHH, KOTOpbie hhkohm ofipa30M He 
AOjDKHbi npeBbimaTB AonycnaeMbix npoeKTOM. JLih 
nojiyneHHH paBHbix npeAeJiBHO nony cthmbix Hanpn- 
>KeHnfi b mnujiBKax npHMeHHeMbie rjix 3aTH>KKH rail- 
KOBepTbl HaAO OTTapHpOBaTb Ha 3TH yCHJIHH. rioCJie 
OKOHHaTeJIBHOH 33TH>KKH FaHKH CTH>KHbIX IHIIHJieK 
npHBapHB aiOT k o6oAy h hhih jibkhm . 

XtonycKaeMbie npn MOHTa>Ke otkjiohchhh ot npo- 
eKTHbix pa3MepoB npHBeAeHbi b Ta6n. 13. 
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T a 6 ji h u a 13 


UOHVCKH HA ChOPKV II yCTAHOMCy VtVHWA I Eliltt’ATOPA 




BeJinnHua oTKJioHeHHH (mm) npH flnaMeTpe 

IIpoEepHejHbie 
nojiojKeHHH h pa 3 Mepbi 

MecTO 3 aMepa 


poTopa flo, 

M 




4,5 

9,0 

14,5 

KoHiteHTpHUHocTb o6o#a 

no pajjuycy ot Bana hjih ueHTpa BTyjiKH #0 6okoboh 
nosepxHocTH o 6 o#a (cpetfHee apHtJmeTHuecKoe ot 
3aMepoB BBepxy h BHH3y o6o#a) 

0,6 

0,8 

1,2 

KoHIjeHTpHUHOCTb nojnocoB 

no pa^nycy ot Bana hjih ueHTpa BTyjnoi #o BHeiiiHeii 
njiocKocTH 6auiMaKa nojnoca (cpe^nee apncj)MeTHuec- 
Koe ot 3aiwepoB BBepxy h BHH3y nojnoca) 

0,8 

1,0 

1,5 

IIojiOHceHHe no BbicoTe 

Ot ropH30HTajibHOH och nojnoca cpe^Heii jihhhh 

obojja poTopa 

5,0 

8,0 

10,0 

BneHue noBepxHocm TpeHHH Top- 
M03HOrO flHCKa 

no nJIOCKOCTH TpeHHH flHCKa 

5,0 

5,0 

5,0 


ROTOR ASSEMBLE AND INM ALL AT] ON HM 1 KANOS 


Table 13 


Positions and sizes under 
check 

Point of measurement 

Tolerance, mm, at rotor 

m 

diameter, 



4.5 

9.0 

14.5 

Rim concentricity 

Over radius from shaft or hub centre to side surface 
of rim (arithmetic mean of measurements made on 
top and bottom of rim) 

0.6 

0.8 

1.2 

Pole concentricity 

Over radius from shaft or hub centre to outer surface 
of pole shoe (arithmetic mean of measurements 
made on top and bottom of rim) 

0.8 

1.0 

1.5 

Vertical position 

From pole horizontal axis to centre line of rotor rim 

5.0 

8.0 

10.0 

Run-out of brake disk friction 
surface 

Over disk friction surface 

5.0 

5.0 

5.0 


JX. II A BUCK A IIOJUOCOU IIA 01*0 A POT OP A 

IlepeA ycTaHOBKoii nojiiocoB Ha o6oj\ poTopa ero 
Hapy>KHBiH KOHTyp He aojijkch hmctb BbiCTynaioiqHx 
JIHCTOB CTaJIH, HTO oGecneHHBaeTCH 06 pa 60 TK 0 H 3TOH 
nOBepXHOCTH B033yiHHbIMH HJIH SJieKTpHHeCKHMH IHJIH- 
<J)OBaJIBHBIMH MaiHHHKaMH H IIpOBepKOH no JIHHeHKe 


15, MOUNTING THE VOLKS ON KOTOR RIM. 

Prior to mounting the poles on the rotor rim, the 
outer surface of the latter shall be checked for pro¬ 
truding stampings and, if such are detected, the surface 
is to be machined by an air or electric grinder and 
checked up with a straight-edge and a stretched wire 
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h no OTBecHOH CTpyHe, onymeHHofi c xodoTa npoBe- 
poHHOH crpejibi. Kpoivie Toro, b na3ax o 6 ojxs . tioa 
XBOCTOBHKH nOJHOCOB Ha OftHHaKOBOH BbICOTe npHBapH- 
BaiOT ynopbi, a b OKHa Ha Hapy>KHOM KOHType 3aKjia- 
^biBaiOT cnnpajibHbie npynoiHbi, KOTopbie aoji>khbi 
pa3MemaTBCH b hhx 6e3 3aeAaHHH. 

Ilojiiocbi poTopa nepeA HaBecKOH hcoSxoahmo ocmo- 
TpeXB, H30JIHAHI0 HX npOBepHTb H HCnbITaTB Ha 3JieK- 
TpunecKyio npouHocTB h BbiHBJieHHbie HencnpaBHOCTH 
yCTpaHHTB, nOJIIOCbl C HH3KOH H30JIHHHeH BblCyiHHTB, 
HTodbi conpoTHBJieHHe ee no i<a>KAOMy otacjibho b3h- 
TOMy nomocy 6 bijio He MeHee 10 MOm. 3aMepnTB HaAO 
MeroMMeTpoM 500—1000 B. 

CyniHTB noniocbi mo>kho b cneipiajiBHbix TepMO- 
craTax ot nocropoHHHX hctohhhkob Tenjia hjih tokom 
nacTOTOH 50 ITj 3a cner HHAyKnnoHHbix noTepb b cep- 
AenHHKax nojiiocoB, Hcnojib3yn oSMOTKy nojiiocoB Kan 
HaMarHHHHBaiomyK). TaKHM oiocoSom mo>kho cyuiHTB 
noniocbi rpynnaMH H3 9—12 hit., cocahhhh no 3—4 
nonioca nocjieAOBaTejiBHo (pnc. 145), noAAepHCHBan 
TeMnepaTypy b oSmotkc 80—85°C, hto obecneuHBaeT 
cpaBHHTejiBHO ObiCTpoe BbicbixaHne nojiiocoB (npHMep- 
ho 3a 50—70 h). HeOojiBmoe KOjranecTBO nojiiocoB 
MOHCHO cyuiHTB no OAHOMy OT CBapOHHOrO TpaHC(J)Op- 
MaTopa, noAaBan Ha nojuoc Hanpn>i<eHHe 65—70 B. 
Ecjih noniocbi npnxoAHTCH cyuiHTB nocjie ycTaHOBKH 
Ha o6oa> to 3TO MO>KHO A^JiaTB C nOMOHJBK) nOCTOHH- 
Horo TOKa, nponycKan uepe3 odMOTKy nojiiocoB tok, 
paBHbiH npuMepHO 50% HOMHHajiBHoro TOKa poTopa. 
MexoAbi cymKH nojiiocoB b coSpamiOM rnAporeHepa- 
Tope onncaHbi b § 5-5. 

Ka>KABiH nonioc nepeA ycTaHOBKoii Ha o6oa B3Be- 
niHBaioT h KJienMHT, yKa3biBaa Maccy h HOMep. HyMe- 
pyiOT noniocbi no nacoBOH CTpejine, HanHHan ot nonioca 
c BbiBOAaMH, KOTopoMy npHCBauBaiOT nepBbiii HOMep. 
npH 3TOM nOJIIOCbl C OAHHaKOBbIMH MaCCaMH AOJI>KIibI 
pacnojiaraTBcn AnaMeTpajibHO (oahh npoTHB Apyroro), 
hto6bi npoTHBojie>Kam;He ceKTOpbi neTBepTHHOK h 
BOCBM ymeK HNieJIH CpaBHHTejiBHO OAHHaKOByiO Maccy. 

KoHAeBbie manObi Ha nojnocax aojihchbi HaxoAHTBCH 
Ha ypoBHe cepAenHHKOB hjih HHHce hx He 6 ojiee ne m 
H a 0,5 MM. ITpH 60 JIBHIHX OTCTynJieHHHX BbICOTHOe 
nojio>KeHHe maiiS peryjinpyioT 3a cueT ctpo>kkh jinr- 
Ha{|)OJiHeBbix rnanO hjih 3a cueT HaBapKH cooTBeTCTByio- 
mnx njiacTHH Ha MeTajuinuecKHe manSbi. 


suspended from the yoke of a surface indicator. Besides, 
stops are to be welded at an equal height in the rim 
slots to receive the pole shanks, and spiral springs are to 
be fitted in the ports on the outer perimeter. The springs 
must be arranged within the ports without sticking. 

Prior to being mounted on the rim, the poles shall 
be examined, their insulation checked up and sub¬ 
jected to a high-voltage test, the troubles detected shall 
be remedied, the poles having a low insulation resistance 
are to be dried out bearing in mind that the insulation 
resistance of each pole must be at least 10 MegOhms, 
as measured with a 500- to 1000-V megger. 

The poles can be dried out in a special thermostat 
with heat supplied from an external source or by 
applying 50-Hz current to their coils which are used 
in this case as magnetizing windings and heat is obtained 
due to induction losses in the pole cores. Heating by 
electric current can be made for groups of nine or 
twelve poles, every three or four ones being connected 
in series (Fig. 145). A temperature of 80 to 85°C shall 
be maintained within the winding to provide for fast 
drying of the poles (within 50 to 70 hours). When a 
small number of poles is to be dried out, each of them 
can be connected separately to a welding transformer 
with a voltage of 65 to 70 V applied to the pole. If 
the poles are to be dried out after they have been 
mounted on the rim, the procedure can be carried 
out by passing a direct current equal to 50% of the 
rotor rated value through the field coils. The pro¬ 
cedures of drying out the poles of an assembled gene¬ 
rator are described under Section 5-5. 

Prior to installation, each pole is to be weighed out 
and branded, the brand specifying its mass and num¬ 
ber. The poles are to be numbered in the clockwise 
direction starting from the pole with leads which is 
to be assigned Number 1. The poles of equal masses 
shall be arranged one opposite another so that the 
opposing sections of quarters and half-quarters were 
approximately of the same mass. 

The end plates on the poles must be on the same 
level as the cores or below the latter by not more than 
0.5 mm. If this is not the case, the height of the plates 
is to be adjusted by trimming lingafolium shims or by 
welding appropriate metal strips on the metal plates. 



Phc. 145. CxeMa cyuiKH rpyrmni nojiiocoB hh- 
AyKUHOHHblMH nOTepHMH: 

1 — 9 — nojiiocbi poTopa 

Fig. 145. Circuit arrangement for drying-out of 
poles by induction losses: 

1—9 — rotor poles 
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Phc. 147. HaBecna nojnocos poTopa rHflporenepaTopa c noMombio 
TeJiL(J)epa ( 1 ), ycTanoBJieHHoro Ha KpaHe-yKocHHe 

Fig. 147. Mounting the generator rotor poles with telpher (7) mounted 
on jib crane 


Phc. 146. KaHTOBKa nojnoca c noMomtio 
npHcnocoSneHHH: 

I — flepeBHHHaH noflKJiaflKa; 2 — npHcnocoojie- 
Hue; 3 — nojiioc poTopa rHflporenepaTopa 

Fig. 146. Turning of pole with special 
device: 

1 — wooden support; 2 — device; 3 — generator 
rotor pole 



Phc. 148 . ItanroBoe npHcnocobjieHHe 
#jih BBifteprHBaHHH KjiHHteB nojnocoB 
poTopa rn^poreHepaTopa: 

1 — Kopnyc; 2 — pa3pe3Han cTajibHaa KajieHan 
naHra; 3 — Tpoc; 4 — kjihh 

I — HaceHKa; II — k KpaHy 

Fig. 148. Gripping device for extraction 
of wedges of generator rotor poles: 
1 —casing; 2 — split steel heated collet; 3 — 
cable; 4 — wedge 
I — notch; II — to crane 


Ilojiiocbi AJra HaBecKH Ha o6oa 3acrponjiHBaiOT 
y/jaBKOH H3 neHLKOBoro KaHaTa cooTBeTCTsyioiitero 
ceneHHH h npOHHOcra hjih H3 MeTajuinnecKoro Tpoca 
nepe3 BOHJioHHyio (pe3HHOByio) npoKJiaAKy, KOTopan 
npeAOxpaHneT ofiMOTKy nojnoca ot noBpe>KAeHHH. 

KaHTyioT nojiiocbi nepeA y ctuhobkoh npH iiomoiah 
p a3jiHHHbix npHcnoco6jieiiHH. Han6ojiee npocroe npH- 
cnocoSjieHne — cKofia — noKa3aHO Ha pHc. 146. IIpH- 
MCHHH A Be CKOSbl C 3arHyTbIMH BHH3 Hapy>KHbIMH 


For mounting the poles on the rim, a slip-knot 
sling made of a hemp rope of appropriate cross-sectio¬ 
nal area and strength or of a metal cable is to be attached 
to them through a felt or rubber liner that will protect 
the field coils against injury. 

The poles are to be handled prior to mounting by 
means of miscellaneous facilities. The most simple of 
them is a fixture illustrated by Fig. 146. Two fixtures 
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kohaumh, mo>kho TaioKe nepeHOCHTb nojiiocbi npn 
norpy3Ke, pa3rpy3Ke h APyrnx onepaijHHx. 

HaBecKy nojnocoB np OH3BO aht ochobhbim SKcnjiya- 
TaAHOHHblM KpUHOM HJIH TejIb(j)epOM, yCTUHOBJieHHbIM 
Ha KpaHe-yKocHHe , npHKp enjieHHOM k creHe MOHTa>K- 
hoh nnomaAKH (pnc. 147). 

^ToSbi b npouecce ycraHOBKH nojiioc He 3aAeBaji 
3a BbiCTynaioiune H3 rae3A Ha 060 Ae cnnpajibHbie 
npyncHHbi, Me>KAy hhm h o 6 oaom npoKJiaAbiBaiOT 
npoBejibHoe >Kejie30, KOTopoMy npHAaHa (jiopMa 6 yKBbi II; 
nocne ycTaHOBKH nojnoca oth npoKJiaAKH BbiAeprHBaiOT. 

Ilocjie Toro KaK xboctobhk nojnoca aohact ao 
npHBapeHHoro k o6oAy ynopa, npoBepmoT coBnaAeHHe 
cpeAHHx jihhhh Ha o 6 oac h nojiioce poTopa. Ilpn 
HecoBnaAeHHH hx Ha Bejinnimy, 6ojn>myio, ncm yuasaim 
b Tafiji. 13, nojiiocbi peryjinpyioT nyTeM ycraHOBKH h 
npHBapKH AonojiHHTejibHbix npoKjiaAOK Ha ynopbi hjih 
H< e nepeBapKH sthx ynopoB b HOBoe nojionceHHe. 

yCTUHOBJieHHblH nojiioc BpeMeHHO HJIH OKOHHaTeJIbHO 
paCKJIHHHBaiOT BCTpeHHbIMH napHbIMH KJIHHbHMH, KOTO- 
pbie CMa3biBai0T cekhaobbimh 6ejnuiaMH h njioTHo 
3a6HBai0T pySnjibHbiMH nHeBMOMOjioTKaMH. IlepeA 3 a- 
6 hbkoh kjihhbh CKJiaAbmaiOT nonapHo h b TaKOM 
nojio>KeHHH npoBepmoT napajuiejibHocTb hx rpaHen, 
npnjieraioiAHx k o6ojiy h XBocroBHKy. Ilocjie pacKJin- 
HOBKH BbICTynaiOIAHe BHH3y TOHKHe KOHAbI KJIHHbeB 
cpe3aioT h sanmuaiOT 3anoAJiHAO, a c BepxHeii cropoHbi 


with external ends bent downwards can easily handle 
the pole in the process. 

The poles are to be mounted by means of the main 
service crane or a hoist installed on a jib crane 
that is secured to the wall of the erection floor 
(Fig. 147). 

II-shaped roofing iron sheets are to be fitted bet¬ 
ween the pole and the rim so that the spiral springs 
jutting out of the rim slots do not seize the pole. These 
sheets must be pulled out after the pole is mounted 
in position. 

As soon as the pole shank has reached the stop 
welded to the rim, the centre lines of the rim and the 
pole are to be checked for alignment. If misalignment 
is beyond the value specified in Table 13, the poles 
are to be adjusted by fitting and welding additional 
shims on the stops or by welding the stops on new 
positions. 

After the pole is mounted in position, it shall 
be blocked with opposing paired wedges either per¬ 
manently or for the time being. The wedges are to 
be coated with white lead and driven in well home 
with the aid of a pneumatic hammer. Prior to being 
driven in, the wedges are to be arranged in pairs and 
checked in this position for vertical misalignment of 
their edges adjoining the rim and the pole shank. 
After the wedges are driven in their thin edges protrud- 



Phc. 149. Ptma>i<Hoe npHcnocoSjieHHe ajth 
BB meprHBaHHH kjihhbcb nojnocoB poTopa rn- 
AporeHepaTopa: 

I — npoyiiiHHa; 2 — kjihh; 3 — 3axBaTHan mena 
I — k KpaHy 


Fig. 149. Lever device for extraction of wedges 
of generator rotor poles: 

I —lug; 2 — wedge; 3 — gripping jaw; 

I — to crane 


266 




































































































































































































































OCTaBJTHIOT KOHABI ^JIHHOH 180—200 MM A™ TOI70, 
hto6bi b cjiynae chhthh nojuoca mo>kho Sbijio yAajiHTb 
kjihhbh, i^enjiHHCt npHcnocofijieHHeM 3a sth kohabi 
(pnc« 148 h 149). 

KoHi^eHTpOTHOCTb poTOpa no nojnocaM nocne nx 
OKOHnaTeJIbHOH paCKJIHHOBKH npOBepHIOT C nOMOmblO 
crpejiBi, ycTaHOBjienHOH Ha Bajiy hjih ^HCKax ; otkjiohc- 
HHH He AOJT>KHbI npeBBIIIiaTb BeJIHHHH, yKa3aHHbIX B 

TaOji. 13. 

E* GOEnTITIBHHE ITOJIIOCHOfi OBMOTKH 

B 3aBHCHMOCTH OT KOHCTpyKI^HH MOK^ynOJIIOCHblX 
coeAHHeHHH oOmotkh AByx coceAHHx nojnocoB coeAH- 
HHIOTCH Me>KAy C 060 H JIhSo C nOMOIABK) COeAHHHTeJIB- 
HBIX nJiaHOK H OOJITOB (OAHH H3 BapHaHTOB noKa3aH 
Ha pnc. 150), jihSo nannon ojiobhhhctbim npnnoeM c 
OeCKHCJIOTHbIM (j)JIIOCOM— pHC. 151 H 152. 


ing at the bottom shall be trimmed and filed flush. 
On the top they should protrude over 180 to 200 mm 
so that they can be removed when taking off the poles 
by gripping them with a tool (Figs 148 and 149). 

The rotor concentricity against the poles is to be 
checked after the latter are completely wedged in 
position with the aid of an indicator mounted on the 
shaft or on the disks. Deviations shall not exceed the 
values specified in Table 13. 

F, CONNECTION OF FIELD (OILS 

The field coils of adjacent poles are intercon¬ 
nected, depending on the design of interpole con¬ 
nections by means of connecting strips or bolts 
(one of the versions is shown on Fig. 150) or by 
soldering with tin solder and acid-free flux (Figs. 151 
and 152). 
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Phc. 151. 06py6Ka kohljob h 
noAroTOBKa k naSne Me>KAy- 
nojnocHBix coeAnnemiH: 

1 — o6ofl poTopa; 2 — nojiiocbi; 3 — 
flepeBHHHbifi kjihh ; 4 — npHJKHMHaa 

nnaHKa; 5 — ciajibHofi kjihh; 6 — bl>ibo£- 
Hbie rniacTHHbi KaTymeK nojnocoB; 

7-XOMyTHK; 8 - KOHIJbl BblBOflHblX 

iuiacTHH ; 9 — 3y6njio ajih o6py6KH koh- 
ijob 


Fig. 151. Trimming of leads and 
preparation of interpole connec¬ 
tions for soldiering; 

1 — rotor rim; 2 — poles; 3 — wooden 

wedge; 4 — hold-down strip; 5 — steel 
wedge; 6 — terminal strips of field coils; 
7 — collar; 8 — terminal strip leads; 

9 — chiesel for trimming the leads 


Phc. 152. TepM0H30JiHp0Baime h nanna m«k- 
AynomocHBix coeAHHeHHH; 

7 — nojiiocbi; 2 — ajieKTpoflepJKaTejm; 3 — iuiacTHH- 
tiarbie 3a>KHMbi; 4 — jihctobsh acSecTOBan H30JumHH; 
5 — CBapoHHbie Ka6eJiH; 6 — MOKpan acGecTOBan Macca; 
7 — BaHHOHKa H3 KpoBejibHoro Hcejieaa; 8 — XOMyTHK 
MeHtAynojiiocHoro coeflHHeHHH ; 9 — cTaJibHofi crepHceHb 
0 4—5 mm; 10 — npyTOK H3 IIOC-40; 11 — yroJibHbiH 
ajieKTpofl 0 25—35 mm 

1 — acSecT 

Fig. 152. Heat insulation and soldering of 
interpole connections: 

2 — poles; 2 — electrode holders; 3 — strip terminals; 
4 — asbestos sheet insulation; 5 — welding cables; 6 — wet 
asbestos mass; 7 — roofing iron bath; 8 — collar of inter¬ 
pole connection; 9 — steel rod, dia. 4—5 mm; 10 — rod 
of IIOC-40 solder; 11 —carbon electrode; dia. 25—35mm 
7 — asbestos 



B tom h b ApyroM cjiynanx oSmotkh Bcex nojnocoB 
coeAHHHioTCH Mencny coSoh nocjieAOBaTejibHo no Hapync- 
HOH H BHy TpeHHefl KOHTypHOH OKpy>KHOCTHM KaTymeK, 

3aMbiKan npH stom kohca KaTyiiiKH oahoto nojuoca c 
HanajioM KaTymKH Apyroro. 

IIpH jiio6oh KOHcrpyKAHH Me>KAynojiK)CHbix coeAn- 
HeHHH HaAO TinaTejibHO noAroTOBHTb coeAHmrrejibHbie 
njiacTHHbi KaTymeK. IlepeA coeAHHetraeM hx Heofixo- 
Ahmo OTpHXTOBaTb, noAoraaTb no B3aHMHbiM conpn- 
HCeHHHM H npOMbITb CnHpTOM. 

TaK KaK onepanHH no CojiTOBOMy coeAimeHHio 
BecbMa npocTbi, HHHce paccMOTpnM jihihb nponecc 
naiiKH coeAHHeHHH ojiobhhhctbim npnnoeM. 

rianeMbie npnnoeM kohabi h nauajia KaTymeK npeA- 
CTaBJIHIOT CO0OH Ha0Op H3 TOHKHX MeAHBIX nJiaCTHH, 
oSnyHceHHBix Ha 3aBOAe npn H3roTOBJieHHH hojuocob. 
3th KOHABI, npOMBITBie CnHpTOM-peKTH(J)HKaTOM, npH 
noMoiAn cneAnajibHbix 3a>KHMOB nnoTi-io CTHrHBaioT h 
H aAeBaioT Ha hhx MeAHBie o6jiy>KeHHBie xoMyraKH, 
TOHce npOMBITBie cnnpTOM. Ecjih kohabi njiacrim 


In either case, all the field coils are interconnected 
over their outer and inner circumferences, the starting 
lead of one coil being connected to the finishing lead 
of the next coil. 

The connecting strips of the coils must be thoroughly 
prepared for connection irrespective of the design of 
interpole connections. They must be dressed, washed 
with alcohol, and their mating surfaces are to be 
fitted. 

Since bolted connections are rather simple, we 
shall discuss below only the procedure of making 
joints with tin solder. 

The starting and finishing leads of the coils to be 
soldered are composed of thin copper strips run over 
with tin at the manufacturing plant. These leads are 
to be washed with rectified alcohol, tightly braced 
with special clamps and fitted on tinned copper clips 
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bbixoaht H3 xoMyTHKa fiojiee neM Ha 10 mm, to hx 
CTOTHBaiOT npHJKHMHBIMH IIJiaHKaMH 4 (pHC. 151), 
pacnupaiOT AepeBHHHbiMH h MerajuiHHecKHMH kjihhbhmh 
3 u 5 n o6py6aiOT 3y6njiOM 9 3anoAJimjo c xoMyraKOM 7. 

riocjie o6py6KH npn>KHMHbie njiaHKH h kjihhbh 
y^ajiHiOT h Ha coe^HHeHne Ha^eBaiOT MeTajuinnecKyio 
b aHHOHKy-(J)opMy 7 (pnc. 152), 3anojiHHeMyio b npo- 
iiecce naiiKH npnnoeM IIOC-40. BaHHOHKy Ha coeAH- 
HeHHH njIOTHO 3a>KHMaiOT njiaCTHHHaTbIMH 3a>KHMaMH 
3 h Bee coeAHHeHne, 3a HCKJHoneHHeM sepxa, odKJiaABi- 
BaiOT aOcecTOBOH o6Ma3KOH 6. KpoMe Toro, noA coeAH- 
HeHne AononHHTejibHO noAKJiaABiBaiOT jihctoboh ac6ecr, 
KOTOpbiii npeAOxpaHHex ot neperpeBa h3ojihijhio i<a- 
TyiHKH b npoijecce naiiKH coeAHHeHHH. t lTo6bi ac6e- 
CTOBan h30jihahh He nonajia Me>KAy njiacTHHaMH h He 
npenaTCTBOBajia npoxo^Aemno npunon b Mecra namai, 
b conpH>KeHne iuiacrciH 3aKJiaAtiBaioT crajibHOH crep- 
>KeHt 9 AnaMeTpoM 4— 5 mm. 

IIoAroTOBjieHHoe t3khm o6pa30M MecTO naiiKH 
oShJIBHO CMa3bIBaiOT CnnpTOBblM paCTBOpOM KaHH(J)OJIH 
h npHCTynaiOT k 3anojiHeHHio MecT coeAHHeHHH ojiobh- 
HHCTbiM ixpHnoeM nOC-40. JJjih 3Toro MecTO naiiKH c 
noMoiqbK) yrojiBHbix sjieKTpoAOB 11 pa3orpeBaioT ao 
Tanoro coctohhhh, npH kotopom npyTOK 10 H3 npnnoH 
IIOC-40 HanHeT njiaBHTBCH. JJajiBHenuiee HanojiHeHne 
BaHHOHKH npOHCXOAHT HJIH 3a CHCT nJiaBJieHHH nOABO- 
AHMoro k MecTy naiiKH npnnoH, hjih H3 cnemnajiBHoro 
KOBHiHKa, HanojiHHeMoro npHnoeM, pacnjiaBJieHHbiM b 
HHAyKipioHHOH nenn. ITo Mepe ocTbiBaHHH co cnanH- 
Horo coeAHHeHHH CHHMaiOT acSeCT, 3a>KHMbI H BaHHOHKy, 
a MecTa HaiuibiBOB h HepOBHocxen 3a^HinaioT h ocMaT- 
pHBaiOT coeAHHeHHe. 

HaKOHenHHKH npHMeHHeMbix A-an naiiKH ajieKTpo- 
AepncaTejieH oSbihho AeJiaiOT H3 KpacHOH mcah, a 
mrraHHe k sjieKTpoAHM noAaiOT ot CBapoHHbix TpaHc- 
<j?OpMaTOpOB COOTBeTCTByiOmeH CHJIbI TOKa. 

Ilocjie naiiKH Me>i<AynojiiocHbix coeAHHeHHH ycraHaB- 
JiHBaiOT coeAHHHTejiBHbie njiaHKH hihh AeMn<J)epHOH 


also washed with alcohol. If the ends of the strips 
jut out of the clip by more than 10 mm, they are to 
be braced together with hold-down strips 4 (Fig. 151), 
spaced by wooden and metal wedges 3 and 5, and 
trimmed with chisel 9 flush with clip 7. 

After trimming the hold-down strips and wedges 
are to be removed and metal pool 7 (Fig. 152) is to 
be fitted onto the joint. In the course of soldering the 
pool is to be filled with solder IIOC-40. The pool 
is to be tightly fixed on the joint by flat clamps 3 and 
the entire joint, with the exception of the top, is to 
be covered with asbestos refractory 5. Asbestos sheets 
are placed in addition under the joint to protect the 
coil insulation against overheating during soldering. 
To prevent asbestos insulation from getting in-between 
the clamp jaws, where it will interfere with the passage 
of solder to the joint, steel rod P, dia. 4 or 5 mm, is 
to be inserted between the jaws. 

The point of soldering thus prepared is generously 
coated with alcohol solution of rosin and the joint 
is filled with tin solder IIOC-40. To this end, the sur¬ 
faces to be jointed are heated with carbon electrodes 
11 to a temperature at which rod 10 of solder IIOC-40 
starts melting. Then the pool is to be further filled 
with solder melting as it approaches the hot surfaces 
or by molten solder taken from a special pot filled 
from an induction furnace. As the soldered joint is 
cooled down, asbestos sheets, clamps and the pool 
are to be removed, rolls and rough surfaces are cleaned 
off, and the joint is examined. The electrode holder 
inserts are usually made of red copper and power is 
supplied to the electrodes from welding transformers 
rated at respective currents. 



Phc. 153. Potop rHAporeHepaTopa, no^roTO- 
BJieHHbiH ajih ycTanoBKH b pacTo^iKy cTaTopa 

Fig. 153. Generator rotor prepared for posi¬ 
tioning in stator bore 


oSmotkh, coSnpaiOT h naniOT tokohoaboabi, a 3aTeM 
y CTaHaB JIHB aiOT BeHTHJIHTOpbl. IIpH 3T0M HaAO 0C0- 
6eHHO cneAHTB 3a KanecTBOM nponaiiKH coeAHHeHHH 
TOKonoABOAOB, KpenjieHHeM h pacKOHTpHBamieM 
raen. 

B HeKOTOpbIX KOHCTpyKIJHHX MOKAynOJIIOCHbie coe¬ 
AHHeHHH Rim y b eJiHHeHHH hx MexamiHecKOH npouHocra 
npHKpenjiHiOT k odony poTopa. 

IlepeA ycTaHOBKOH poropa b pacroHKy CTaTopa ero 
HeodxOAHMO TIUATeJIBHO OHHCTHTB OT nOCTOpOHHHX 
npeAMeTOB h Mycopa, npHMeHHH ripn stom cyxon c>i<a- 
TbiH B03Ayx h MOiAHbie nbuiecocbi. Oco6eiiHo TmaTejiBHo 
HeoSxOAHMO OHHUtaTB H OCMETpHBaTB pOTOpbl, HMeiO- 
inne (|)opcHpoBaHHoe B03AyuiHoe oxjia>KACHHe o6motkh 
nOJHOCOB. npH 3T0M HaAO AofiHTBCH TaKOrO HOJIO>KeHHH, 
hto6bi Bee KaHajibi b o6oac h nomocax, no KOTOpbiM 
AHpKyJIHpy CT B03AyX, SblJIH adcOJIIOTHO HHCTbIMH. 
IIoAroTOBJieHHbiH k ycTaHOBKe poTop noKa 3 aH Ha 
pnc. 153. 

M t yCTAHOBKA POTOPA E PACTOMKy 
CTATOPA 

IIpH Momance THAporeHepaTopoB noABecHoro rana 
poTop onycKaiOT b CTaTop BMecTe c BajiOM Tan, hto 
POTOP CBOHM oSoAOM OIIHpaeTCH Ha KOJIOAKH T0pM03- 
Hbix AOMKpaTOB . B otom cjiynae cfiopny pacnojio>KeH- 
Horo Ha BepxHeii KpecroBHHe noAnnTHHKa, a TaK>Ke yc- 
TaHOBKy CUMOH KpeCTOBHHbl H BTyjIKH nOAnHTHHKa npo- 
hsboaht nocjie onycKaHHH poTopa b pacTomcy CTaTopa. 

y THAporeHepaTopoB 30HTHHHoro THna Biianajie 
odbiHHO yCTaHaB jihb aiOT Ban c HaAeTOH Ha Hero BTyji- 
KOH, a nOTOM OCTOB pOTOpa, COfipaHHblH BMeCTe c 
o6oaom h nojuocaMH. Ban nepe3 BTyjiKy h ahck noA- 
nHTHHKa onnpaeTCH Ha pacnojio>KeHHbie Ha HH>KHen 
KpeCTOBHHe HJIH KpbllHKe THApOTypfiHHbl cerMeHTbi 
no AnnTHHKa , a octob c o6oaom h nojuocaMH — nepe3 
AHCkh KpenjieHHH cnnn Henocp cactb chho Ha BTyjiKy 
nOAnHTHHKa. 

YcTaHOBKy poTopa BMecTe c BajiOM hjih 6e3 Hero 
np oh3b o aht cjieAyioiitHM o6pa30M. IlepeHocKa h ycTa- 
HOBKa poTopa b CTaTop — BecbMa OTBeTCTBeHHbie one- 
paAHH, npH KOTOpbIX OCHOBHbie KpaHbi ManiHHHoro 
3ajia HarpyH<aiOTCH npeAejiBHOH HarpysKon. IIosTOMy 
nepeA Ka>KAOH TaKOH onepanneH HeofixoAHMO TinaTejiBHo 

OCMOTpeTB KpaH HJIH KpaHbi (b 3UBHCHMOCTH OT TOrO, 
Kan nepeHOCHT poTop: oahhm hjih ab> 7 mh KpanaMH) h, 
TOJIBKO yfieAHBIHHCB B nOJIHOH HCnpaBHOCTH KaK Bcero 
KpaHa, Tan h ero OTAejibHbix MexaHH3M0B, mo>kiio 
npncTynHTb k 3acrponKe poropa k KpaHy. CpaBHH- 
TejitHO HeSojibuioH poTop, ahh nepeHocKH KOToporo 
AOCTaTOHHO OAHOrO KpaHa, MO>KHO 3aCTpOnHTb TpOCOM 
nepe3 cneitnajibiibin ynpenjineMbin Ha Bajiy poTopa 
Syrejib, jih6o HenocpeACTBeHHo 3a cnnttbi ocTOBa, 


After the interpole connections are soldered up, 
connecting strips of the damping winding busbars are 
to be installed, the supply leads assembled and soldered 
up, and then the fans are to be mounted in position. 
In the action, particular attention shall be given to 
the quality of soldered joints at supply leads, tighten¬ 
ing and locking of nuts. 

In some designs, the interpole connections are 
fastened to the rotor rim to increase their mechanical 
strength. 

Prior to placing in the stator bore, the rotor shall 
be cleaned of foreign objects and debris with dry com¬ 
pressed air supplied from high-power vacuum cleaners. 
Particular care in this respect must be taken of rotors 
whose field coils are cooled with forced air. After 
cleaning all the cooling ducts on the rim and in the 
poles must be absolutely clean. A rotor prepared for 
installation is shown by Fig. 153. 

G. MOUNTING THE KOTOR IN THE STATOR 
BORE 

In the case of overhung hydrogenerators, the rotor 
is lowered into the stator together with the shaft so 
that its rim rests on the blocks of brake jacks. In this 
case, the thrust bearing mounted on the upper spider 
bracket is assembled and the bracket and thrust collar 
installed after the rotor is mounted in the stator bore. 

With umbrella-type hydrogenerators, the shaft as¬ 
sembled with the hub is usually first mounted in the 
bore, then the rotor spider assembled with the rim 
and poles is placed in position. The shaft is supported 
by the thrust bearing segments located on the bottom 
bracket or on the head-cover through the hub and the 
thrust bearing disk; the spider assembled with the 
rim and poles rests against the thrust collar through the 
spoke fastening disks. 

The installation procedure, whether the rotor is 
mounted in assembly with the shaft or not, is as follows. 
Pre-installation handling of the rotor is a very signifi¬ 
cant procedure during which the main cranes of the 
turbine house carry maximum loads. Therefore, each 
time prior to handling the rotor, it is necessary to 
examine the crane or cranes (depending on whether 
one or two cranes are used) and only after the condi¬ 
tion of the crane and its mechanisms is found adequate 
may the rotor be slung to the crane. A relatively small 
rotor that can be easily handled by one crane may be 
fastened to the latter by means of a steel rope that is 
to be fixed to a special stirrup fitted on the shaft or to 
the spider spokes if it is carried without the shaft. 
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ecjiH poTop nepeHOCHT 6e3 Bajia. Potop npyraoro 
rHAporeHepaTopa, AJin nepeHOCKH KOToporo Hy>KHbi 
ABa npaHa, 3acTponjiHBaiOT uepe3 cnenHajibiiyio Tpa- 
Bepcy, ofiecneuHBaiomyio 6ojiee paBHOMepHoe pacnpe- 
AeneHHe Harpy30K mokay oSohmh KpaHaMH. Tpa- 
Bepcy c BajiOM cKpenjiaiOT npn noMOiAH KOJibijeBOH 
UinOHKH, SaBOAHMOH B BbITOHKy Ha Bajiy (pnc. 154). 
Ecjih poTop nepeHOCHT 6e3 Bajia, TpaBepcy KpenHT 
HenocpeACTBeHHO k cnnijaM ocroBa cneAnajibHbiMH 
CTHHCHbiMH iumuibKaMH. 3acTponjieHHbiH k KpaHaM po- 
TOp HeMHoro noAHHMaiOT h b Tai<OM nojionceHHH Aonoji- 
HHTejibHO HcnbiTbiBaioT MexaHH3Mbi KpaHa (b nepByio 
onepeAB TopM03Hoe ycTponcTBo), HecKOJibKO pa3 cjierKa 
noAHHMan h onycKan pOTOp HaA MOHTaHCHOH rniomaAKOH 
H pe3KO OCTaHaBJIHBaH erO A™ npOBepKH T0pM030B. 

yGeAHBHIHCb B nOJIHOH HCnpaBHOCTH KpaHa, H B 
tom 5 hto poTop no Tpacce BCK>Ay npoxoAHT cboSoaho, 
npOH3BOAHT noA'BeM poTopa ao otmctkh, odecneuHBaio- 
meii npoHOC ero HaA BceMH coopy>KeHHHMH h arpera- 
TaMH Ha Tpacce. Ilocjie stoto KpaH nepeABnraioT k 
MOHTH pyeMOMy arperaTy h onycnaioT pOTop b pacTonny 
craTopa, cjieAH 3a TeM, htoSbi He 6 bijio nepenoca 
TpaBepcbi. KorAa o6oa poTopa noAOHACT 6 jih3ko k 
pacTonne CTaTopa, onycKaHne npHocraHaBJiHBaiOT, 6ojiee 
tohho AeHTpnpyioT ero othochtcjibho och pacTOHKH 
CTaTopa h npoAOJiHcaioT onycKaTb, HanpaBJina ero no 
pacTOHKe npn noMomn cAeJiaHHbix H3 (jjanepbi roiacTHH, 
hto6bi He noBpeAHTb jiofioBbix nacren o6motkh CTaTopa 
(pnc. 154). 

IIpn nocaAKe 6e3 Bajia Ha (JmaHAbi BTyjiKH noAnHT- 
HHKa poTop c noMOiAbK) KOHycHbix uinnjxeK HanpaB- 
jihiot no conparaeMbiM otb epCTHHM KpenjieHHH ero k 
BT yjiKe, nocjie nero 3 aB 0 AHT npnnacoBaHHbie nmHJibKH 
COeAHHeHHH OCTOBa pOTOpa C BTyJIKOH nOAnHTHHKa. 
J\jm o6jierneHHH 3aBOAKH inmiJieK cocahhchhh hh>k- 


A large rotor that should be handled by two cranes 
is to be slung through a special cross-bar which ensures 
a more uniform division of loads between the cranes. 
The cross-bar is secured to the shaft by means of a 
round key fitted into the keyway on the shaft (Fig. 154). 
When the rotor is to be carried without the shaft, 
the cross-bar is to be secured directly to the spider 
spokes by means of special clamping studs. The rotor 
fastened to the crane with slings is to be slightly raised 
and then the crane mechanisms are to be additionally 
checked (the brake mechanism in particular) by lifting 
and lowering the rotor above the erection floor several 
times and abruptly stopping the crane to check the 
brake mechanism for reliable operation. 

Having made sure that the crane is serviceable and 
that the rotor does not meet any obstacles on its way, 
one may lift the rotor to proper height where it can 
be carried over all the constructions and units on the 
route. Thereupon, the crane is to be moved to the 
unit being installed and the rotor is lowered into the 
stator bore. In the action, care shall be taken to avoid 
misalignment of the cross-bar. As soon as the rotor 
rim has approached the stator bore, the rotor shall 
be stopped, accurately aligned with the centre line of 
the stator bore and then lowered into the bore by 
means of special plywood planks so as not to injure 
the stator end windings. (Fig. 154). 

When the rotor is mounted on the thrust collar 
flanges without the shaft, it shall be directed by means 
of cone studs against mating holes through which it 
is secured to the thrust collar, whereupon the fitted 
studs fixing the rotor spider to the thrust collar are 



Phc. 154. ycTaHOBKa poTopa rHAporeHepaTopa 
BMecTe c sajiOM b pacTO^ny CTaTopa (BpaTCKaa 

rec) 

Fig. 154. Installation of generator rotor with shaft 
in stator bore (Bratskaya hydroelectric power plant) 



Hero (JjjiaHna npHMeHHioT cneitnajiBHoe npucnocoSneHHe 
(pnc. 155). IIpH 3ara>KKe HimuieK KpenjieHHH neo6xo- 
Ahmo oSecneuHTt njiOTHoe npHJieramie MecT conpn- 
>KeHHH h paBHOMepHoe HanpH>KeHHe (b npeAejiax 
AonycTHMoro) b cthhchbix mmuibKax. 

Bonpocbi ijeHTpupOBaHHH poTopa OTHOCHTeJIBHO 
pacTOHKH CTaTopa paccMOTpenbi b § 5-11. 

r^s. aOpHHTHHKH 

A. HA3HAHKHHE JIOfl[IIHTIIH K OH 11 UK 
OCHOBHLIE 3JIEMEI!Thl 

IIoAnHTHHKH BepTHKajibHbix rHApoarperaTOB b npo- 
Aecce paSoTbi b 0 cnpuHHMaioT Ha ce6n Bee oceBbie 
Harpy3KH ot poTopa arperaTa, BKJiiouaH Bee Bcex 
BpamaioiAHXCH nacreH rHApoarperaTa h oceBbie A^BJie- 
HHH OT peaKAHH BOABI. 

y cospeMeHHbix KpynHbix BepTHKajibHbix rnApo- 
arperaTOB hoahhthhkh coctoht H3 CMOHTHpoBaHHOH b 
MacjiHHOH BaHHe HenoABH>KHOH onopbi h pacnojio>KeH- 
hoh Ha Hen BpainaiomeHCH uacra. HHorAa b y3Jie 
nOAnHTHHKa pa3Mem,aeTCH h HanpaBjiHiomnH noAHiHn- 
hhk reHepaTopHoro Bana. HaxoAHiiteecH b BaHHe Macjio 
b nponecce paSoTbi rHApoarperaTa noABepraeTCH ecTecT- 
BeHHOH HJIH npHHyAHTeJIbHOH AHpKyjIHAHH H OXJia>K- 
AaeTCH boaoh, nponycKaeMOH nepe3 MacJiooxjiaAHTe jih , 
KOTOpbie pacnojiOHceHbi HenocpeACTBeHHO b BaHHe 
hjih 3 a ee npeAejiaMH. 

HenoABH>i<Hyio onopy BbinojiHHiOT b BHAe CTOjia, 
Ha kotopom pa3MemeH0 b oahh hjih ABa pHAa ot rnecTH 
AO ABaAAaTH, a HHorAa h donee CTajibHbix oahocjiohhbix 
hjih AByxcjiOHHbix cerMeHTOB. Pafiouan noBepxHocTb 


to be inserted. A special fixture (Fig. 155) can be used 
to facilitate inserting of the studs of the bottom flange. 
When tightening up the studs, care shall be taken to 
provide tight fitting between mating surfaces and uniform 
strain (within specified limits) in the clamping studs. 

For centering the rotor relative to the stator bore 
reference shall be made to Section 5-11. 

5-8. THRUST BEARINGS 

A* PURPOSE OF THRUST BEARINGS 
ANI> THEIR BASIC ELEMENTS 

In the course of operation thrust bearings of ver¬ 
tical hydropower units take all axial thrusts of the rotor 
including the mass of all rotating parts of the unit 
and the downward thrust of water. 

The thrust bearings of the up-to-date vertical 
hydropower units consist of a stationary support 
mounted in an oil bath and a rotating member posi¬ 
tioned thereon. Sometimes the thrust bearing houses 
the guide bearing of the generator shaft. In the course 
of operation the oil in the bath is subjected to natural 
or forced circulation and cooled with water passed 
through oil coolers located immediately in the bath 
or outside. 

The stationary support is made in the form of a 
table mounting one or two rows of six to twenty or 
more steel single- or double-layer segments. The work¬ 
ing surface of these segments is lined with high-quality 
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3thx cemeHTOB 3ajiHTa BBicoKOKauecTBeHHbiM 6a66n- 
tom. CerMeHTbi no^nHTHHKa oimpaioTCH Ha ajiacTHH- 
Hbie HJIH >I<eCTKHe onopbl paSJIHHHblX KOHCTpyKH,HH. 
3jiacxHHHbie onopbi BbinojiHHiOTcn b bhac cnnpajib- 
Hbix HJin ftpyrnx npy>KHH, pbina>KHbix fiajiaHCHpOB 
hjih npe^CTaBJiHiOT co6oh rHflpaBJiPinecKyio cncTeMy 
H3 HanojiHeHHbix MacJiOM h coofimaioiAHXCH MOKfly 
co6oh 3 aMKHyTbix eMROCTen b BHAe chjim{)oi-iob . 2Kecx- 
KHe onopbi BbinojiHHiOTCH b BH^e pacnojio>i<eHHbix 
SKCijeHTpHHHo no a cerMeHTaMH Sojitob, inan6 hjih 
A pyrux OTHOCHTejibHO jkcctkhx ynopoB. YnoTpe6jin- 
I0TCH TaK>Ke h Apyrne ycTponcTBa. 

Bpamaiomancn nacTB noAnnTHHKa npeACTaBJineT 
co6oh Haca>KeHHyio Ha Baji onopHyio BTyjiKy noAnnT- 
HHKa, k KOTopoii fiojrraMH h LLiTHcJjTaMH npHKpenjieH 
CTaJIBHOH A mck c 3epKaJIBH0H nOBepXHOCTBK). B HeKO- 
TOpblX KOHCTpyKAHHX nOAnHTIIHKa, H3FOTOBHeMbIX HHO- 
CTp aHHbIMH (f)HpMaMH, TaKOH A^CK OTCyTCTByeT, XaK 
nan 3epKajiBHOH noBepxHOCXBio HBJiHexcn onopnan 
iijiockocxb BxyjiKH. TaKaH KOHexpyKAHH HeyAO^Ha b 
MOHxance h SKCiuiyaTaitHH, xaK Kan npn HenepneHAHKy- 
jinpHOH k och Bana onopHOH HJIOCKOCXH 6e3 ycxaHOBKH 
Ha cxaHOK HeB 03 M 0 >KH 0 cA^JiaxB Hcnp aBneHHH , a b 
cjiynae nonBJieHH h 3aAnpoB Ha 3epKajiBH0H noBepx- 
hocxh 3 axpyAHeHbi ee nniHcJ)OBKa h nojiHpoBKa. Cyme- 
cxByiox xaiOKe noAnnxHHKH, y Koxopbix HenoABHJKHan 
nacxb BbinoJiHeHa b bhas A HCKa ? a noABHJKHan b 
bhag Aejioro hjih pa3pe3aHHoro Ha A Be nacxn A^cna 
hjih rpynnbi cerMeHxoB. 

HeoSxoAHMbiM ycJiOBHeM a^ noAnnxHHKa jik>6oh 
KOHCxpyKAHH HBjinexcn ero cnoco6HocxB oSecnennxB 
bo BpCMH nycKa rHApoarperaxa 6bicxpbm nepexoA n3 
cocxohhhh nojiycyxoro xpeHHH Me>KAy xpyiijHMHCH 
napaMH b hchakocxhoc h coxpaHHXb sxo >khako cxHoe 
xpeHHe npn jiioSbix pe>KHMax pa6oxbi arperaxa. J^py- 
thmh cjioBaMH, b npoutecce paSoxbi arperaxa BpanjeimeM 
AHCKa aojijkho HenpepbiBHo 3acacbiBaxBCH Macjio b 
3a30p MOKAy paSoHHMH nOBepXHOCXHMH AHCKa h cer- 
MeHxoB xan, nxo6bi BbixecHneMan A aBJieiraeM MacjiHHan 
njieHKa HenpepbiBHo nonojiHHJiacB. 

PaSoxocnocoSHoexB noAnnxHHKa 6yACT xeM Bbirne, 
xieM xojime MacjiHHan imeHKa, (JjopMHpoBaHiie Koxopoii 
33BHCHX OX MHOrHX (jjaKTOpOB, O KOXOpbIX 6yACT CKa- 

3aHO b n.B § 5—8. 

Oahhm H3 cymecxBeHHbix (jjaKxopOB, onpeACJimo- 
mux i-iaAOKHyK) pa6oxy noAnnxHHKa, hbjihcxch ero 
cnoco6HOCXB HMexB b pa6oxe cpaBHHxejiBHO oAHHaKOBbie 
Harpy3KH Ha ero oxacjibhbix cerMeHxax, a xaiOKe paB- 
HOMepHoe pacnpeACJieHHe Harpy30K b npeACJiax njio- 
tt^ ttp t Ka>KAoro cerMeHxa. PacnpeACJieuHe Harpy30K 
Me>KAy cerMeHxaMH b noAnnxHHKax c ojiacxnnHOH 
onopoH oSecnenHBaexcn aBxoMaxnnecKH h 6ojiee paB- 
HOMepHO, neivi b noAnnxHHKax c jkccxkoh onopon, tag 
xaKoe aBxoMaxHnecKoe pacnpeACJieHHe npaKXHnecKH 
oxcyxcxByex. PaBHOMepHoe pacnpe acJ ieriHe Harpy30K 
b npeACJiax njiomaAH KancAoro cemeHxa o6ecnenn- 


babbit. The segments of the thrust bearing rest on 
elastic or rigid supports of different designs. Elastic 
supports are made in the form of spiral or other springs, 
lever equilizers or constitute a hydraulic system consist¬ 
ing of oil-filled communicating vessels in the form 
of bellows. Rigid supports are made in the form of 
bolts, washers or other relatively rigid rests arranged 
eccentrically under the segments. Some other designs 
are also in use. 

The rotating part of the thrust bearing is a thrust 
collar fitted on the shaft. A steel thrust runner with 
a mirror surface is bolted and pinned to the thrust 
collar. In some foreign designs there are no such 
runners and the bearing surface of the collar functions 
as a mirror surface. Such a design is inconvenient in 
installation and operation because if the bearing surface 
is not normal to the shaft axis, it is impossible to 
remedy this defect without setting it upon the machine 
and in case of scratches on the mirror surface grinding 
and polishing appear difficult. In other designs the 
stationary part of the thrust bearing is a disk and the 
rotating one is a non-split disk or a disk split in two 
parts or a group of segments. 

One of pre-requisites of a thrust bearing of any 
type is its capacity to ensure a quick change-over 
from a semi-dry friction of parts to a liquid friction 
during start-up and to maintain such liquid friction 
under any conditions of operation. In other words, 
in the process of the unit operation the rotating runner 
sucks in the oil continuously and forms a thin oil 
film between working surfaces of the runner and seg¬ 
ments. The oil film in maintained automatically and 
continuously. 

Efficiency of the thrust bearing varies directly 
with the thickness of the oil film formation which 
depends on many factors (see Section 5-8, Subsec¬ 
tion C). 

One of the principle factors determining the depen¬ 
dable operation of the thrust bearing is its capacity 
to have relatively equal loads upon separate segments 
during operation and uniform division of loads through¬ 
out the area of each segment. Division of loads bet¬ 
ween segments in thrust bearings with an elastic sup¬ 
port is ensured automatically and here this division 
appears more uniform than in thrust bearings with a 
rigid support where loads are not actually shared 
automatically. The higher degree of friction surface 
finish the more uniform is the division of loads over 
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Baexcn jiyunie y Tex no aiihthhkob , rAe jiynme npn- 
rHaHbi Apyr k APyry TpymnecH napbi h rAe axa npn- 
roHKa MeHbrne noABepraexcn H3MeHeHHHM b npoijecce 
pafioxbi ot MexamrqecKHx h xenjioBbix Ae^JopMaijHH. 

Ecjih pafioTa pa3Hoo6pa3Hbix KOHCTpyKijHH noAinix- 
hhkob oTenecxBeHHoro h 3apy6e>KHoro npOH3BOACTBa 
yAOBJieTBOpnex xp e6oB aHHHM aKcnjiyaxaipra npn Hefiojib- 
hihx oceBbix h yAejibHbix Ha hhx Harpy3Kax, xo C03A a Hne 
rioAiiHTHHKOB Ha oceBbie Harpy3KH fiojiee 2000 tc npn 
yAejibHOM AaBJieHHH 60 Krc/cM 2 h Bbirne — BecbMa 
cepte3Han 3aAana. 3 to o 6 bncimexcn b nepByio onepeAt 
TeMj uxo c yBejiHueHneM pa3MepoB Aexajien, npaKTH- 
uecKH npn xoh nee xojiiahhc MacjiHHOH njieHKH, BCJieA- 
cxBHe TpyAHoexH ofipaSoxKH h TenjiOBbix AetjJOpMaijHH 
yBejiHHHBaexcn KpHBH3Ha noBepxHOCTeH Tpyiunxcn nap. 

E. PA3JIH^IHME KOHCTPyKTHBHEIE 

ucnommmin iio^idithhkob 

lloAnHTHHKH c cerMeHTaMH, pacnonoxceHHbiMH 
Ha npy>KHHax. Ha pHc. 156 npeACTaBjieH iioaiihthhk 
(J)H pMbi ASEA e cerMeHTaMH, pacnojio>KeHHbiMH Ha 
cnHpajibHbix npy>KHHax, h c BCTpoeHHbiM HanpaBjm- 
ioiahm noAHiHnHHKOM reHepaTopHoro Bajia. 

Macjio ajih cMa3KH TpymHxcH noBepxHOCTen b stom 
™ ne noAnHTHHKOB oxjian<AaeTCH ycraHOBjieHHbiMH 3a 
npeAejiaMH BaHHbi boahhbimh oxJ ia ahtcjihmh, uepe 3 
KOTopbie ero nporoHmoT cneqnajibHbie Hacocw. 

KajKABiii cerMeHT Tanoro noAnHTHHKa onHpaeTCH 
Ha HeCKOJILKO OTTapHp OB aHHbIX CneitHaJIbHbIX Iipy>KHH, 
noAobpaiiHbix h pacnojionceHHbix noA cerMemoM Tan, 


the area of each segment provided that this finish is 
less subject to changes due to mechanical and thermal 
deformations. 

Different designs of thrust bearings of Soviet and 
foreign manufacture meet the demands of operation 
at small axial and specific loads but at axial loads 
of more than 2000 tf and unit pressure of 60 kgf/cm 2 
and higher the thrust bearings are a problem of great 
concern. It is explained primarily by the fact that the 
curvature of friction surfaces increases with dimen¬ 
sions of parts with almost the same thickness of the 
oil film due to difficulties encountered during machining 
and because of thermal deformations. 

B. DIFFERENT DESIGN FEATURES OF THRUST 
BEARINGS 

Thrust bearings with segments mounted on springs. 
Fig. 156 shows the ASEA thrust bearing with segments 
mounted on spiral springs and with a built-in guide 
bearing of the generator shaft. 

In this type of thrust bearings the oil lubricating 
the friction surfaces is cooled down by water coolers 
installed outside the oil baths through which it is 
delivered by special pumps. 

Each segment of this type of thrust bearings rests 
on several special calibrated springs selected and 
arranged under the segment so that the resultant 



Phc. 156. noAmiTHHK c cerMeH- 
TaMH, pacnojio>KeHHbiMH Ha cmi- 
pajibHbix nppKHHax: 

1 — 3aMKOBoe KOJibijo ; 2 — 3anopHoe 

kohsljo ; 3 — BTyjiKa; ,4 — KpbiniKa 

BaHHbi; 3 — 6ojit; 6 — pySauiKa nofl- 
uiHnHHKa; 7 —; BKJia^bim HanpaBJiHio- 

uutero noAnHTHHKa; 8 — onopa noAmnn- 
HHKa; 9 — ihth(J)t; 10 — 3epKajn>HbiH 
Ahck; 11 —cTonopHbm bhht; 12 — 
cer.MeHT nofluiHnHHKa; 13 — HHJKHee 

onopHQp KOJibi;o ; 14 — cirapajibHaa npy- 
>KHHa; 15 — Macjiopa3AejiHTej3bHbiH h^ht; 
16 — njiHTa KpeiuieHHH ; 17 — onopa 

CTOJia; 18 — h3ojihijhh ; 19 — Macno- 

ihht; 20 — OTBoflHan Tpy6a 


Fig. 156. Thrust bearing with seg¬ 
ments arranged on spiral springs: 

1 — locking ring; 2 — stopper ring; 3 — 
collar; 4 — bath cover; 5 — bolt; 6 — 
bearing liner; 7 — thrust bearing block; 
8 — bearing support; 9 — pin; 10 — run¬ 
ner; 11 — set screw; 12 — thrust bearing 
segment; 13 — lower support ring; 14 — 
spiral spring; 15 — oil baffler; 16 — brac¬ 
ing plate; 17 — table support; 18 —insu¬ 
lation ; 19 — oil baffler; 20 — drain pipe 
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hto6bi paBHOMeHCTByiomaH chji peaKqiiH sthx npy>KHH 
6biJia HecKOJibKO cMemeHa ot cpe^Hen pa^HajibHOH 
jihhhh cerMema k ero bbixoahoh KpoMKe. BejiHHHHa 
3Toro cMemeHHH flOJi>KHa SbiTb TaKoii, htoObi b npo- 
ijecce paSoTbi arperaTa cemeHT iioa B03ACHCTBHeM 
napbi chji H3 paBHOAeKCTByiomux ot peaKijHH npy>KHH 
H OT MaCJIHHOrO KJIHHa MOT HaKJIOHHTbCH B cropoHy 
bxoahoh KpomKH. B npoijecce nycna h paboTBi arpe¬ 
raTa 3to o6jierqHT o6pa30BaHHe MacjiHHOH iijichkh 
Me>KAy TpyiAHMHca napaMH — cerMemaMH h ahckom. 
HncjieHHoe 3Ha*ieHHe Tanoro SKCijeHTpHCHTera, KaK 
npaBHJio, HaxoAHTCH b npeAejiax ot 2 ao 12% h 3aBH- 
CHT OT KOHCTpyKAHH IIOAnHTHHKOB H yAeJiBHbix, a 
TaKH<e oceBbix a^bjichkh. 3jiacTHHHbie npy>KHHbi noA 
cerMeHTaMH co3AaioT BecbNia OjiaronpHHTHbie ycjioBHH 
AJiH pa6oTbi noAnflTHHKa Aa>Ke b Tex cjiyuanx, KorAa 
ero abck HMeeT HeKOTopyio KpHBH3Hy hjih HenepneH- 
AHKyjiHpHOCTb paOoneH iiob epxHO cth othochtcjibho och 
BpameHHH arperaTa. OAHano TpyAHOCTb H3roTOBJieHHH 
TaKHx noAnHTHHKOB a™ KpynHbix rHApoarperaTOB c 
Sojibuihmh oceBbiMH h yAejiBHbiMH Harpy3KaMH orpa- 
HHHHBaeT oSjiacTb hx npHMeHeHHH, nosTOMy npHMe- 
hhiot hx Ha cpaBHHTejibHo HeSojibuiHe yAejibHbie h 
oceBbie AaBjieHHH. 

HajiHHHe b cocTaBe noAnHTHHKOB nacocoB, ofiecne- 
HHBaioiAHX npHHyAHTejibHyio AHpKyjiHijHK) Macjia, hb- 
jiaeTCH cymecTBeHHbiM HeAOCTaTKOM, TaK KaK cHH>Kaer 
naAOKHOCTb paSoTbi noAnnTHHKOBoro y3Jia. 

IIoAnHTHHK Ha rHApaBJiHHecKOH onope. Bnep- 
Bbie noAnHTHHK Ha rHApaBJiHHecKOH onope (pnc. 157) 
6biJi C03AaH Ha 3aB0Ae ,,Ypaji3JieKTpOTH>KMam cc a^h 
paSoTbi npH Gojibihhx oceBbix h yAejibHbix Harpy3Kax. 
Oh npeACTaBHHeT co6oii KOHCTpyKijHio c ajiacTHHHOH 
onopoH h caMoycTanaBJiHBaioiAHMHCH cerMeHTaMH. 

yMeHbmeHHH HeSjiaronpHHTHoro bjihhhhh Ten- 
noBbix A^cJ)opMaAHH cerMeHTbi 3Toro noAnHTHHKa CAe- 
jiaHbi AByxcjiOHHbiMH. Ka>KAHiH cerMeHT onnpaeTCH Ha 
mapOByio onopy BHHTa, b b epHyToro b rojiOBKy 3Jia- 
CTHHHoro cHJib(|)OHa. CHJib(J)OHHbie onopbi HanojiHeHbi 


force of reaction of these springs is somewhat displa¬ 
ced from the middle radial line of the segment to the 
trailing edge. The magnitude of this displacement 
should be such that in the course of the unit operation 
the segment under the effect of a couple of forces of 
reaction of the spring and the oil wedge may tilt to 
the leading edge. During starting and operation of 
the unit it facilitates the formation of the oil film 
between friction surfaces of the segment and the runner. 
The numeric value of this eccentricity varies, as a rule, 
between 2 and 12% and depends on the design of the 
thrust bearing, specific and axial pressures. The elastic 
springs under the segments create favourable operating 
conditions for the thrust bearing even in case of curva¬ 
ture and vertical misalignment of the runner working 
surface with regard to the axis of rotation. Difficulties 
in manufacture of such thrust bearings intended for 
large hydraulic units with high axial and specific 
loads limit the field of their application and therefore 
they are used for relatively small specific and axial 
pressures. 

The pumps ensuring a forced oil circulation are 
considered a grave disadvantage because they affect 
serviceability of the thrust bearing. 

Thrust bearing on a hydraulic support. The thrust 
bearing on a hydraulic support (Fig. 157) was manu¬ 
factured at the “Uralelectrotjazhmash” plant. It was 
designed for operation under high axial and specific 
loads. It represents a construction with an elastic sup¬ 
port and self-aligning segments. 

For elimination of unfavourable effect of thermal 
deformations the segments of this type of thrust bear¬ 
ings are made double-layer. Each segment rests on a 
spherical bearing screwed into the head of the elastic 
bellows. The bellows supports are filled with oil and 
connected to each other with communicating channels. 



Pnc. 157. IToflnHTHHK Ha rHApaBjiHHecKOH onope c 
aBTOMaTHnecKHM BBipaBHHBaHHeM Harpy3KH MOK^y 
cerMeHTaMH 
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Fig. 157. Thrust bearing on hydraulic support with 
automatic load equalizing between segments 


MacJiOM h coeAHHeHbi Me>KAy codon coodmaiomHMHCH 
KaHaJiaMH. 

BHyrpH Kamepbi Ka>KAoro CHJib<f)OHa pacnojio>KeHbi 
cneitHajibi-ibie 6o6bmiKH-3anojiHHxeJiH, KOTopbie yMeHB- 
uiaioT odbeM Macna h AonojiHHTejibHbie nanpH>KeHHH , 
nojiynaeMbie creHKaMH CHJib(f)OHa BCJieACTBHe pa3H0CTH 
K 03 (J)(J)HAHeHT 0 B odbeMHoro p actuHp eHHH Macjia h 
MeTajuia npn HarpeBe. BBepuyTan b rojiOBKy cnjiLc^oria 
BHHTOBan onopa c mapoo6pa3HOH tojiobkoh, TaK >Ke 
KaK H B Apyrax KOHCTpyKAHHX nOAIIHTHHKOB c BHHTO- 
boh onopon, pacnojiaraeTCH c HeKOTopbiM 3KcqeHTpH- 
CHTeTOM OTHOCHTejibHo paAnajiBHon jihhhh, npoxoAn- 
Hten uepes cepeAHHy cerMema. SKcijeHTpHCHTeT, KaK 
y>Ke ynoMHHajiocb Bbime, hcoSxoahm rjix o6pa30BaHHH 
MacjiHHOH iuieHKH npH nycKe h padoTe rHApoarperaTa. 

ABTOMaTHueci<oe b bip aBHHB aHHe Harpy3KH Me>KAy 
BceMH cerMemaMH, odecneuHBaeMoe b pe3yjibTaTe 
THApaBJIHHeCKOH CBH3H CHJIB(J)OHOB, — BecbMa ijeHHoe 
npeHMymecTBO 3Toro rana hoaiihthhkob. EjiaroAapn 
aBTOMaTHnecKOMy Bbip aBHHBaHHio AaBJieHHH Ha cer- 
Membi yMeHbiuaiOTCH HedjiaronpmiTHbie bo3AChctbhh, 
Bbi3biBaeMbie HepoBHocTbio noB epxHO cth TpeHHH AHCKa 
h HenepneHAHKyjiHpHOCTbio stoh iiob epxHO cth k och 
B paiAeHHH rHApoarperaTa. j 

IIoAnHTHHK TaKOH KOHCTpyKijHH BnepBbie dbui 
ycTaHOBJieH b 1951 r. Ha Cbhpckoh T3C, rAe oh 
ycnemHO npomeji 3KcnjiyaTau;HOHHbie HcnbiTaHHH npn 
oceBOM AaBJieHHH 1500 tc c A° Be A e HHeM yAejibHoii 
Harpy3KH go 80 kix/cm 2 . Ilocjie BcecTOpoiiiiHx ncnbi- 
TaHHH 3TOT IIOAHHTHHK npH yACJIBHOM AaBJieilHH 
66 ktc/cm 2 nocTaBJieH Ha nocTOHHHyio SKcnjiyaTaitmo. 
IIo3AHee no npoeKTy 3aBOAa „Ypaji3JieKTpoTH>KMam c< 
HobochOhpckhh TypdoreHepaTopHbiH 3aBOA H3roTOBHJi 
HeCKOJIBKO KOMnjieKTOB TaKHX nOAHHTHHKOB RJ1K THApO" 
arperaTOB Hpi<yTCKoii T3C. KoHCTpyKAHH hx bkjiio- 
uaeT b cedn aB eHaAAaTB AByxcjioiiHbix cememoB c 
tojiiahhoh BepxHero cjioh 50 mm npn cpeAHeii niHpHHe 
cerMema 532 mm h A^He 610 mm. 3th ceraembi 
pacnojio>KeHbi no oi<py>KHOCTH c HapyncHbiM AnaMerpoM 
3370 mm h BHyTpeHHHM 2150 mm. MacjiHHan BaHHa 
noAnHTHHKa HMeeT nocTOHHHbiii odbeM, oxjia>KAaeMbiH 
BOAHHbIMH OX Jia AHTeJIHMH , y CTUHOB JieHHbIMH BHyTpH 
BaHHbl. 

^obojibho AJtHTejiLHaH 3KcnjiyaTau,HH 3Toro noA¬ 
nHTHHKa npn oceBOM AaBJieHHH 2000 tc, yAejiBHOM 
52 ktc/cm 2 h cpeAHeii cKOpocTH nepeMenteHHH A^CKa 
no ceraemaM 12 m/c noATBepAHJia ero BecbMa xopomyio 
padoTOcnocodHOCTb h SKcnjiyaTaitHOHHyio HaAOKHocTB. 
HaAo nojiaraTB, mo Tanan KOHcrpyKAHH nporpeccHBHa 
h npnroAHa rjik 3Hawrejn>Ho 6ojibihhx oceBbix h 
yAejibHbix AaBJieHHH. 

IIoAnHTHHK Ha GajiaHCHpHbix pbiua> kH bix ono- 
pax. lipeACTaBJieHHbiH Ha pnc. 158 noAnHTHHK c 
OajiaHCHpHbiMH pbinaraMH KOHCTpyKiiHH 3aBOAa ,,Ypaji- 
3JieKTpOTH>KMaiH c e OTHOCHTCH K HHCJiy nOAHHTHHKOB, B 
KOTopbix Harpy3Ka Men<Ay cerMemaMH pacnpeAejineTca 


The inner chamber part of each bellows houses 
special boss-fillers which reduce the volume of the oil 
and additional stresses of the bellows walls caused by 
the difference of coefficients of volumetric expansion 
of the oil and metal on heating. A support with a 
spherical head screwed into the bellows head much 
like other designs of thrust bearings with a screw 
support is arranged with a certain eccentricity with 
respect to the radial line passing through the middle 
of the segment. As has been mentioned above, eccen¬ 
tricity is required to form an oil film during start-up 
and running of the unit. 

Automatic division of loads upon all segments is 
ensured through the hydraulic connection between 
bellows which is considered an important advantage 
of this type of thrust bearings. Automatic division of 
load on segments decreases the unfavourable effects 
caused by roughness of the runner friction surface 
and vertical misalignment of this surface with respect 
to the axis of unit rotation. 

The first thrust bearing of such design was installed 
at the Svirskaya hydroelectric power plant in 1951. 
This bearing, upon having passed comprehensive tests 
with an axial pressure of 1500 tf and a specific load 
brought up to 80 kgf/cm 2 , was placed in commercial 
operation at 66 kgf/cm 2 specific pressure. Later on 
the basis of the design developed by the “Uralelectrot- 
jazhmash” plant the Novosibirsk Turbogenerator Con¬ 
struction Works manufactured several sets of such 
thrust bearings for the Irkutskaya hydroelectric power 
plant. This design comprises twelve double-layer seg¬ 
ments with an upper layer thickness of 50 mm, average 
width of a segment, 532 mm and length 610 mm. The 
segments are arranged over the periphery with the 
outer diameter of 3370 mm and inner diameter of 
2150 mm. The oil bath of the thrust bearing contains 
a constant volume cooled by water coolers installed 
within the bath. 

A rather long period of operation of this thrust 
bearing under an axial pressure of 2000 tf, a specific 
pressure of 52 kgf/cm 2 and an average speed of the 
runner over segments of 12 m/s have confirmed its 
adequate serviceability. This design of the thrust bear¬ 
ing is believed to be promising and suitable for higher 
axial and specific loads. 

Thrust hearings on lever equilizers. Fig. 158 shows 
a thrust bearing with lever equilizers. This design was 
developed by the “Uralelectrotjazhmash” plant and 
represents a thrust bearing in which the load upon 
segments is shared automatically. Each segment of the 
thrust bearing rests through an elastic disk on equilizers 
which are levers of the first and the second order. 
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aBTOMaTH^ecKH. Ka>KAi>iii cerMem 3Toro noAnHTHHKa 
onnpaeTCH uepe3 ynpyryio Tapejiny Ha OajiaHcnpBi, 
KOTopbie np e^CTaB jihiot co6oh CHCTeMy pbiuaroB nep- 
Boro h BTOporo po^a. 

JXnx oSecneneHHH SojiBiueii HyBCTBHTejiBHocrH ch- 
ctcmbi ynop pBiuaroB Ha KopoMBicna h KopoMBicen 
meyKjxy co6oh npon3BO^nTCH nocpe^cTBOM ahjihhaph- 
HeCKHX CTep>KHeH H3 XpOMHCTOH 3aKaJieHH0H CTaJIH, 
KOHE(BI KOTOpBIX HMeiOT C<J) epHUeCKHe nOBepXHOCTH. 
Tan KaK iuieun KopoMbiceji h ptiuaroB b npeAenax 
TOHHOCTH H3rOTOBJieHHH ACJiaiOTCH OAHHaKOBBIMH, TO 
h pacnpe^ejieHHe Harpy3KH Me>i<Ay cenvieHTaMH npaK- 
THHecKH 6yAeT paBHOMepHBiM, hto narjiHAi-io mo>kho 
npocjieAHTB Ha pnc. 159. 

Uto6bi ycHjiHTB 3 (|)(J)eKT OTSopa MacjioM Tenjia, 
nojioBHHa cerMeHTOB Ha stom no^nnTHHKe cAejiaHa 
(pnc. 158) c peSpncTBiM nepHMeTpoM. 3 to no3BOJiHJio 
b npou,ecce 3KcnjiyaTaAHH chh3htb TeMnepaTypy Ha 
cerMeHTax b cpe^HeM Ha 4°C cpaBHHTejiBHo c TeMnepa- 
Typoii Ha cerMeHTax c rjia^KHMH rpai-raMH. 

OnBiTBi, npOBeAeHHBie b npoijecce Momanca 3Toro 
noAnHTHHKa, noATBepAHJiH BecBMa BBicoKyio nyBCT- 
BHTeJlBHOCTB TaKOH CHCTeMBI K BBIpaBHHB aHHIO Harpy- 
3 ok Me>KAy cerMeHTaMH. Tan, HanpHMep, npn Ha>KaTHH 
pyKOH Ha hhhoxhh KOHeu; Baji arperaTa npn OTcyrcTBHH 
TypSnHHoro noAHiHnHHKa cboSoaho Kanajicn, nepeMe- 
iAan cooTBeTCTBeHHO b occbom HanpaBJieHHH 3epKajio 
Ha BejiHHHHy ao ±2,5 mm, npnneM njioTHoe npnjiera- 
Hue cerMeHTOB k 3epKajiy coxpaHHJiocB. 

OnBiT 3KcnjiyaTaH,HH h npOBeACHHBie HcnBiTaHHH, 
npn KOTopBix coBepmeHO okojio ABaAAara nycKOB h 
OCTaHOBOK B CaMBIX TH>KeJIBIX pOKHMaX, BKJHOHaH 
ropaHHe nycKH h ocraHOBKH Ha BBiSere, no atb ep ahjih 
paBHOMepHoe pacnpeAejierrae Harpy3KH Ha cerMeHTBi 
H BBICOKyiO pa 60 T 0 Cn 0 C 06 H 0 CTB 3THX nOAXIHTHHKOB. 

HaAO nojiaraTL, hto Tanne hoaiihthhkh MoryT 3Ha- 
HHTeJIBHO npOABHHyTBCH B v oSjiaCTB 60 JIBHIHX OCeBBIX H 
yAejiBHtix Harpy30K, OAHano Ha arperaTBi c occbbim 
AaBJieHHeM 6 ojiee 2000 tc, npn kotopom pe3KO B03pa- 
CTyT CHJIBI TpeHHH B BBIp3BHHB3K)H^eH CHCTCMe, yCTa- 


Phc. 158. IIoAnHTHHK Ha SaJiaHCHpHbix pbiua>KHBix 
onopax 

Fig. 158. Thrust bearings on lever equalizers 

To ensure higher response of the system, the lever- 
on-rocker and rocker-on-rocker thrusts are effected 
through cylindrical rods made of chromium hardened 
steel the ends of which have spherical surfaces. Since 
the arms of rockers and levers are similar within the 
limits of technological accuracy, the load between the 
segments is practically equally shared, as is illustrated 
in Fig. 159. In order to increase the effect of heat remo¬ 
val by the oil, one half of segments in this type of 
thrust bearings (Fig. 158) is made ribbed around the 
periphery. This makes it possible in the course of 
operation to lower the temperature of segments by 
4°C on the average as compared with that of the seg¬ 
ments with smooth sides. 

The tests carried out during installation of this 
thrust bearing confirmed rather high response of the 
system to the division of load between segments. For 
instance, when pressing the lower end by the hand the 
shaft of the unit (in case there is no turbine roller 
bearing) swings freely and moves the mirror surface 
in the axial direction through ±2.5 mm, respectively. 
As this takes place, a tight contact between the segments 
and the runner surface is maintained. 

Operating experience and the tests during which 
about twenty start-ups and shutdowns under most 
severe conditions including hot start-ups and shut¬ 
downs at rundown confirmed the uniform division 
of loads between the segments and high serviceability 
of this type of thrust bearings. 

It is to be thought that these thrust bearings may 
enter into the field of application of high axial and 
specific loads. However, installation of this type of 
thrust bearings in the unit with an axial pressure higher 
than 2000 tf, where friction forces in the equilized 
system rise up sharply, will hardly provide high servi¬ 
ceability of the hydropower units. 
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Phc. 159. Pbma>KHbie OajiaHCHpHbie onopbi cerMeH¬ 
TOB nOAIIHTHHKa 


Fig. 159. Lever equalizer supports of thrust bearing 
segments 



HOBKa hx, BpHA jih cMOHceT obecneuHTB BBicoKyio 
paSoTOcnocodHOCTB raApoarperaTOB. 

IIOAnHTHHK Ha BHHTOBB1X OHOpaX. B COBeTCKOM 
Coio3e HanOojiee pacnpocTpaHeHBi hoaiihthhkh koh- 
CTpyKijHH 3aBOAa ,,3jieKTpocHJia c S cerMeHTBi kotopbix 
omipaioTCH Ha mapoBBie noBepxHOCTH bhhtobbix onop. 
Ohh ycraHaBJiHBaioTCH Ha rHApoarperaTax jiioObix ra6a- 
pHTOB H MOIAHOCTeH H BOCnpHHHMaiOT OCeBBie Harpy3KH 

AO 3400 tc npn yAeJiBHOM AaBJieHHH ao 64 Krc/cM 2 
h 6 ojiee. 


Thrust bearings on screw supports. In the USSR the 
thrust bearings of the “Electrosila” works design have 
been used most extensively. In this design the segments 
of the thrust bearings rest on spherical surfaces of 
screw supports. These thrust bearings are installed 
at the hydropower units of any dimensions and capacity 
and take axial loads of up to 3400 tf and specific 
pressure of above 64 kgf/cm 2 . 

The segments of these thrust bearings are made 
solid, thick and double-layer with the thickness of the 



Phc. 160. IIoaiihthhk Ha bhhtoboh onope c oa- 
HOCJIOHHBIMH CerMeHTOMH, paCHOJIOHCeHHBIMH B 
OAHH pHfl: 

J — BTyjnca noAHHTHHKa; 2 — flHCK nofliiHTHHKa; 3 — cer- 
mcht oflHocjioiiHbiH; 4 — ynpyran xapejiKa; J — onopHbra 
6ojit; 6 — cTaicaH b crone noAnHTHHKa; 7 — orpaHHHHTeJib 

Fig. 160. Thrust bearing on screw supports with 
single-layer segments arranged in one row: 

1 — thrust bearing collar; 2 — thrust bearing runner ; 3 —single- 
layer segment; 4 — elastic disk; 5 — support bolt; 6 — casing 
in thrust bearing support; 7 — stopper 
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CeraeHTbi sthx nonnHTHHKOB ACJiaiOT nan ijeJibiMH, 

TOJICTbIMH, TaK H ^ByXCJIOHHblMH C TOHKOH BepXHeH 
HaCTblO TOJimHHOH nOpH^Ka 50 MM. B 3aBHCHMOCTH OT 
KOHCTpyKi^HH cerMeHxti pacnojiaraioT b oahh hjih jjjia 
pnna no okpy>khocth. 

Ha pnc. 160 nonasaH o^HOpn^HbiH noAnHTHHK c 

CaMOyCTaHaBJIHBaiOIIJHMHCH OAHOCJlOHHbIMH CerMeHTaMH. 
MacjiHHa h BaHHa ototo noannTHHKa HMeex iioctohhhbih 
o6x>eM Macjia, oxjia>KAaeMoro boahhbimh Macnooxjia- 
Ahtcjihmh, pacnojiOHceHHbiMH BHyxpn BaHHbi. 3Ta koh- 
crpyKAHH npocTa b H3roTOBjieHnn n Moman^e n npn 
Harpy3Kax ao 3000 tc o6ecnennBaeT b npoijecce paSoTbi 
ycTonnHBoe o6pa30Bamie MacjiHHOH njieHKH. 

PaSoTa TaKoro noAnHTHHKa npn Harpy3Kax fiojiee 
3000 tc, KorAa cpaB hutcjibho Bbicona TeMnepaTypa 
oxjia>KAaioiAen boabi, a Taione npn ra>Kejibix nycKOBbix 
pe>KHMax 3aTpyAHHeTCH. noaTOMy 3aB0A0M , ,3 jieKTpo- 
CHJia cc B 3Ty KOHCTpyKU[KK) fiblJIH BBeACHbl HeKOXOpbie 
AononHeHHH. nepBoe H3 hhx cboahtch k ycTaHOBKe b 
BepxHen nacra hoa 6a66nTOM cnnpajibHO hjih HHane 
pacnojio>KeHHbix mcahbix Tpy6oi<, no noxopbiM nnpKy- 
jinpyeT oxjia>KAaioiAaH BOAa, noABOAHMan H3 xpy6o- 
npoBOAa CHCTeMbi oxjia>KA£HHH reHepaxopa. Tanoe Heno- 
cpeACTBeHHoe oxjia>KAeHHe cerMeHTOB 3HanHxejibHO 
yMeHbinaeT xennoBbie Ae<h°P Mai t HH hx h coxpaHaex 
HanOojiLmyio xojimHHy MacjiHHOH njieHKH, b nepByio 
onepeAB Ha cepeAHHe ceraeHTa. OAHano cjieAyeT oTMe- 
THTb KaK HeAOCTaTOK HeAOnyCTHMOCXb npHMeHeHHH ajih 
3XHX Aejien HeOXC{)HJIbTpOBaHHOH BOABI, KOTOpaH MOH<eX 
3acopHTb oxjia>KAaK)iAHe Tpy6i<H paKyinicaMH h ApyrHMH 
npeAMexaMH. 

BTopoe MeponpHHTHe, HanpaBJieHHoe Ha yjiyqiueiiHe 
ycjiOBHH o6pa30BaHHH MacjiHHOH njieHKH npn nycnax 
h ocTaHOBKax riiApoarperaTa, cboahtch k npmiyAHxeJiL- 
hoh noAane Macjia noA AaBJieHHeM k TpynjHMCH noBepx- 
hocthm noAnHTHHKa nepeA nycKOM h b npoijecce ocra- 
hobkh arperaTa. 

yCTpoMcTBO ajih npHHyAHTejiBHOH noAaqn Macjia 
(pnc. 161) coctoht H3 noAaiOHjeH Macjio CHCTeMbi b 
BHAe Hacoca BbicoKoro AaBJieHHH (hjih Apyroro Mexa- 
HH3Ma) h KOJiBiieBoro TpyGonpOBOAa, coeAHHeHHoro c 
Ka>KABiM cerMeHTOM. Bo BpeMH nycna h ocTaHOBKH 
THApoarperaTa Hacoc hjih APyron MexaHH3M 3a6npaeT 
Macjio H3 BaHHbi h noAaeT ero b kojibacboh TpySonpo- 
boa, ot KOToporo nepe3 niTyAepti h oTBepcTHH b cer- 
MeHTax oho nocTynaeT b yrjiyOjiemiH b BHAe uameK Ha 
6a66HTOBOH noBepxHOCTH cerMeHTOB. JfnaMexp sthx 
yrjiy6jieHHH 120—180 mm, rjiyOmia nepeMeHHan: ot 
0,35 MM B IjeHTpe OI<py>KHOCTH oHa cxoaht Ha HeT K 
ee KpaHM. Kan tojibko noAasaeMoe b 3 th nauiKH Macjio 
HanHCT npocanHBaTLCH Me>KAy ceraeHTaMH h 3epKajioM, 
AaBjieHne b MarncTpajiH nepecTaeT noBbimaTbcn h arpe- 
raT mohcho 3anycKaTb. npn aocthhcchhh arperaTOM 
HopMajiLHbix oSopOTOB noAana Macjia npeKpaiqaeTCH. 
B name o6pa3yeTCH AaBJieHHe, paBHoe AaBJierimo Mac- 


upper part of about 50 mm. The segments are arranged 
in one or two rows over the periphery, which depends 
on the design. 

Fig. 160 illustrates a single-row thrust bearing 
with self-aligning single-layer segments. The oil bath 
of this type of thrust bearing has a constant volume 
of oil cooled by water-coolers positioned within the 
bath. This design is simple in manufacture and 
installation and under loads of up to 3000 tf it 
ensures a stable formation of the oil film during 
operation. 

Operation of this type of thrust bearings under 
loads higher than 3000 tf at relatively high temperature 
of the cooling water and under the most arduous start-up 
conditions presents certain difficulties. Therefore, the 
designers of the “Electrosila” works introduced some 
modifications. One of them lies in the installation of 
copper pipes arranged spirally or otherwise in the upper 
section under the babbit lining through which cooling 
water supplied from the pipeline of the generator 
cooling system circulates. Such a direct cooling of 
segments considerably reduces thermal deformations 
and maintains maximum thickness of the oil film, 
first of all in the middle of the segment. However, 
if should be noted that a disadvantage resides in the 
fact that it is impossible to use non-filtered water which 
may clog up the cooling pipes with shell rock or other 
debris. 

Another modification aimed at the improvement of 
conditions of formation j>f the oil film during start-up 
and shutdown is a forced supply of oil under pressure 
to friction surfaces of the thrust bearing before start-up 
and during shutdown. 

The forced oil supply arrangement (Fig. 161) 
consists of a high pressure pump (or other mechanism) 
and a circular piping connected to each segment. 
During start-up and shutdown of the unit the pump 
or other mechanism takes the oil from the bath and 
delivers it to the circular piping wherefrom it is supplied 
(through pipe unions and holes) to the cup-shaped 
cavities on the babbit surface of segments. These 
cavities are 120—180 mm in diameter and variable 
in depth; it varies from 0.35 mm at the centre and 
drops to zero at the edges. As soon as the oil starts 
seeping between segments and the runner, the pressure 
in the pipe will cease rising and the unit can be started. 
As soon as the unit has gained speed, the oil supply 
terminates and a pressure equal to that of the oil wedge 
in this zone, is formed in the cup-shaped cavity. Then 
the non-return valves of the sleeves are closed. 

Introduction of forced oil supply under pressure to 
the friction surfaces promotes the formation of the oil 
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JiHHoro kjihhh b 3toh 30He, h ofiparabie KJianaHbi niTy- 
qepoB 3anp bib aioTCH. 

BBeAeHHe npHHyAHTejibHOH noAauH macjia noA AaB¬ 
JieHHeM k TpymHMCH noBepxHocTHM 3 HanHTejibHO ofijier- 
naeT o6pa30BaHHe Me>KAy hhmh MacjiHHOH njieHKH npn 
nycKax h ocTaHOBKax. OAHano npn pa 6 oxe arperaTa h 
ocoSeHHo npn H3MeHeHHH pokhmob OKcrijiyaxaAHOHHbie 
KanecTBa noAnHTHHKa 3HauHTejibHo yxyAinaiOTCH. 3to 
06 bHCHHeTCH TeM, HTO HaJIHHHe JiyHOK H OTBepcTHH B 

cemeHTax yxyAinaeT npoijecc aBTOMaTHnecKoro o6pa- 
30BaHHH MacjiHHOH njieHKH npn paSoTe h Bbi3biBaeT 
AonojiHHTejibHbie noTepn, a TaK>Ke HepaBHOMepHbiH 
H3hoc cerMeHTOB. 3to CHH>i<aeT rpy30Hecymyio cno- 
cofiHocTb noAnHTHHKa. KpoMe Toro, HajiHnne b y 3 Jie 
noAnHTHHKa AonojiHHTejibHon CHCTeMbi noAanH Macjia 
hoa AaBJieHHeM, c ofiparabiMH KJianaHaMH, HacocaMH 


film during start-up and shutdown considerably. How¬ 
ever, during operation of the unit, and particularly 
under variable operating conditions, the operating 
quality of the thrust bearing highly deteriorates. This 
can be accounted for by the cavities and holes in the 
segments which impair the automatic formation of 
the oil film during operation, bring about additional 
losses, and give rise to non-uniform wear of the seg¬ 
ments. All this lowers the load-carrying capacity of 
the thrust bearing. Besides, an additional system of 
oil supply under pressure comprising non-return valves, 
pumps and other elements complicates the operating 
conditions of the thrust bearing and aggrevates emer¬ 
gency conditions. 
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h #pyrHMH 3JieMeHTaMH ycjio>KHHeT SKCiuiyaTaAHio 
IIOAroiTHHKa H BHOCHT AOnOJIHHTejIBHblH hctohhhk 
aBapnH. 

no MHeHHIO 6o JIB UIHHCTB a OieAHaJIHCTOB Cobct- 
CKoro Coi03a, 3aHHMaioiAHXCH BonpocaMH paSoTbi noA- 
nHTHHKOB, MeponpHHTHH no noAane CMa3Kn no a Aae- 
JieHHeM K nJIOCKOCTHM TpeHHH h HenocpeACTBeHHoe 
BOAHHoe oxjia>KAeime cerMeHTOB cjieAyeT paccMaTpn- 
BaTt Kan BbiHy>KAeHHoe, BpeMeHHoe hb jieHne. Oho 
mokct HMeTB Mecro b npaKTHKe jihihb ao Tex nop, 
nona He 6yAyT co3AaHBi 6ojiee naAOKHtie b pafioTe 
nOAnHTHHKH 6e3 3THX AOnOJIHHTeJIBHBIX yCTpOHCTB. 
Tanoro >Ke mhchhh npHAep>KHBaioTCH h cneu,HajincTbi 
MHornx 3apy6e>KHBix cTpaH, rAe xaK>Ke npoBOAHJiHCB 
TaKHe MepOnpHHTHH. 

J^pyron pa3HOBHAHOCTBIO nOAnHTHHKOB Ha BHHTO- 
boh onope KOHCTpyKAHH 3aBOAa „3jieKTpocHJia cc hb- 
jhhotch noAnnTHHKH c AByxpHAHbiM pacnoJio>KeHHeM 
cerMeHTOB (pnc. 162). 

npHMeHeHne b no AmiTHHKax AByxpnAHoro pacno- 
JIOHCeHHH cerMeHTOB n03B0JIHJT0, npn npOHHX paBHBIX 


In the opinion of most Soviet specialists engaged in 
thrust bearing construction, the system of oil supply 
to friction surfaces under pressure and direct water 
cooling of segments should be considered as a stop- 
gas measure. It should be practicable until new and 
more reliable thrust bearings without the above- 
mentioned additional arrangements are developed. 
Many foreign specialists in this field hold the same 
opinion. 

Another modification of thrust bearings on a screw 
support is the design of the “Electrosila” works with 
a two-row arrangement of segments (Fig. 162). 

The use of the two-row arrangement of segments 
in thrust bearings, other conditions being equal, makes 
it possible to reduce the dimensions of segments by 
nearly one half as compared with the segments of a 
one-row arrangement. The two-row arrangement redu¬ 
ces considerably thermal deformations resulted from 
non-uniform distribution of temperature over the 



Phc. 1^2. IIoaiihthhk Ha bhhtoboh onope c 
AByxpHAHBiM pacnojio>i<eHHeM cerMeHTOB: 

2 — onopHO-peryjiiipoBo^HbiH bhht ; 2 — ynop; 3 — 6a- 
jiaHCHp ; 4 — BbiropoflKa; 5 — Tapejina; 6 — cerMeHT; 
7 — aepKaubHbiH ahck; 8 — BTyjiKa; 9 — Ban Typ6nm>i 

Fig. 162. Thrust bearing on screw support 
with two-row arrangement of segments: 

2 — support-adjusting screw; 2 — stop; 3 — equalizer ; 

4 — shield; 5 — disk; 6 — segment; 7 — thrust bearing 
runner; 8 — collar; 9 — turbine shaft 


280 




Phc. 163. CemeHT noAnHTHHKa c onopon Ha 
ynpyroii man6e: 

1 — 6a66HTOBbiH cjioh; 2 — npope3b ajih (J>HKcaTopa; 
3 — ynpyran ruaiiSa 

Fig. 163. Thrust bearing segment with sup¬ 
port on elastic washer: 

1 — babbit layer; 2 — slot for retainer; 3 — elastic washer 


ycjiOBHHx, npHMepHO b ABa pa3a yMeHBuiaTB ra6apnTBi 
cerMeHTOB no cpaBHeHHio c ceraeHTaMH OAHOpHAHoro 
pacnojionceHHH. 3to 3Hawrejn>H0 chh3hjio hx TennoBbie 
Ae4>opMaAHn, Bbi3biBaeMbie HepaBHOMepHocTBio pac¬ 
npeAejieHHH TeMnepaTyp no TOJimHHe, h yjiyninnjio 
ycjiOBHH paSoTbi, raaBHbiM o6pa30M npn nycnax nocne 
KpaTKOBpeMeHHon ctohhkh rHApoarperaTa. KpoMe Toro, 
3a cneT yMeHBmeHHH Beca cerMeHTOB yjiyninnjiHCb 
ycjiOBHH MOHTa>Ka h 3Kcn;iyaTaAHH no ahhthhkob . 

PaSoTaeT AByxpHAHbiii Tan >Ke, k&k h oahophahbih 
noAnnTHHK c AnpKyjiHunen h oxjia>KAeHneM Macjia 
BHyTpH BaHHBI. 

PaBHOMepHOCTB pacnpeAejieHHH Harpy3KH Me>KAy 
Kan<AOH paAnajiBHo pacnojio>KeHHOH napon cerMeHTOB 
oSecnenHBaeTCH SajiaHCHpoM, KOTopbiii onnpaercH Ha 
AHjiHHApHnecKyio noBepxHocTb ynopa. 3tot 6ajiancnp 
TaK>Ke HecKOJibKO cim>KaeT >KecTKocTL ynopa. IToahht- 
HHKH TaKOH KOHCTpyKAHH 6bIJIH H3IDTO B JieHbl RJIB 
THApoarperaTOB Bojdkckoh T3C hmchh B. H. JleHHHa 
Ha oceByio Harpy3Ky 3400 tc npn yAejibHOM asb- 
JieHHH 40,5 ktc/cm 2 . Bo BpeMH onbiTOB, KorAa yAa- 
jihjih HecKOJibKO nap cerMeHTOB, yAejiBnan Ha- 
rpy3Ka b sthx noAnHTHHKax AOBOAHJiacb ao 57,7 
ktc/cm 2 , OAHaKo noAnnTHHK TaKHce pafioTaji coBepmeHHO 
HOpMajIBHO. 

B tukhx noAnnTHHKax peryjinpoBKa BbicoTHoro 
nojio>KeHHH cerMeHTOB npn pacnpeAejieHHH Harpy30K 
Men<Ay OTAejiBHbiMH ceraeHTaMH BHyTp eHHero h napync- 
HblX pHAOB np0H3B0AHTCH 3a CHeT OnopHbIX BHHTOB 
Hapynoibix cerMeHTOB. Ilpn stom Harpy3Ka Me>KAy 
Hapy>i<HbiM h BHyTpeHHHM cerMeHTaMH Ka>KAoii 
napbi pacnpeAejineTcn aBxoMaxnnecKH. 3naneHHe 
ee 6yAeT oOparao nponopAHOHajiBHO Rjmnam mien 
OajiaHCHpa. 

IIoAnjiTHHK Ha ynpyroii inaiifie. Ilpn HeSojiBuinx 
oceBbix h yAejiBHbix Harpy3Kax npHMeHHiOT TaK>Ke noA- 


thickness and improves operating conditions, parti¬ 
cularly during start-up after a short shutdown. More¬ 
over, the reduced mass of segments improves condi¬ 
tions of installation and operation of thrust bearings. 

A two-row thrust bearing operates in much the same 
way as a single-row one with circulation and cooling 
of oil inside the bath. 

Uniform division of loads between each radially 
arranged pair of segments is ensured by an equalizer 
which bears against the cylindrical surface of the rest. 
The equilizer also slightly reduces the rigidity of the 
thrust. This design of thrust bearings was developed 
for the Lenin hydroelectric power plant on the Volga 
river. The thrust bearing was designed to take an axial 
load of 3400 tf and a specific pressure of 40.5 kgf/cm 2 . 
During the tests several pairs of segments were remo¬ 
ved and, consequently, the specific load was raised 
up to 57.7 kgf/cm 2 , but after that the unit operated 
properly. 

In this type of thrust bearings adjustment of verti¬ 
cal position of segments at the division of loads bet¬ 
ween segments of inner and outer rows is effected with 
supporting screws of the outer segments. As this takes 
place, the load between the inner and outer segment 
of each pair is shared automatically and its numerical 
value varies inversely with the length of the equi¬ 
lizer arms. 

Thrust bearing on an elastic washer. At small axial 
and specific loads use is made of thrust bearings the 
segment of which rests on elastic press-board washers 
arranged eccentrically and directly on the disk of the 
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IIHTHHKH, CerMeHTbl KOTOpbIX OnHpaiOTCH Ha SKCIjeH- 
tphhho pacnojio>KeHHbie neno cp e actb eHHO Ha ^Hcne 
ocHOBaHHH cTOJia ynpyrne npeccmnaHOBbie rnanSbi. 
IlpocTOTa H3roTOBjieHHH — hx neHHoe npenMymecTBO, 
ho npn MOHTa>Ke ohh TpeSyiOT 3HanHTejiBHO 6ojibmeH 
TOHHOCTH HOArOHKH no BBICOTe, TaK KaK 3JXtCh OTCyTCT- 
ByiOT peryjinpoBOHHbie ycTponcTBa. TaKOH noAnHT- 
HHK, H3rOTOBJieHHbIH (J)HpMOH AEG, AJIHTeJIbHOe BpeMH 
paSoTaeT bhojihc y aob jictb opnre jibho Ha KacKa^e JVfe 1 
JIeH3Hepro npn oceBOH Harpy3Ke 765 tc h y^ejibHOM 
AaBJieHHH 34,6 ktc/cm 2 . CerMeHT 3Toro noAnHTHHKa 
noKa3aH Ha pnc. 163. 

B. OCHOBHME 3JIEMEHThI nOflnHTHBKA 

BaHHa no^ixHTHHKa. Banna noAriHTHHKa (pnc. 164) 
npeACTaBJineT co6oh CBapHyio Kpyrjiyio hjih MHoro- 
rpaHHyiO eMKOCTHyiO KOHCTpyKIJHK) 7, b KOTOpOH 
pa3MeiqaiOTCH Kopnyc 2 c cmohthp ob aHHbiMH b hcm Ha 
onopax 3 cerMeHTaMH 4 ; 3epKajiBHbiH ahck 6 c onopHOH 
BTyjiKOH hjih nacTbio ee 8; Macjio j\im cm33kh h oxjia>K- 
AeHHH TpymnxcH nap h oxjiaAHTejiH 5 ajih oxjia>KAeHHH 
3Toro Macna, ecjin nocjieAHne He BbmeceHbi 3a npe- 
Aejibi BaiiHbi. 

BaHHa b 3aB hchmocth ot KOHCTpyKAHH reHepaTopa 
pacnojiaraeTCH Ha KpbiniKe TypSnHbi hjih Ha hhhchch, 
jih6o Ha BepxHeii KpecTOBHHax. B HeKOTopbix koh- 
crpyKAHHx reHepaTopoB oHa, fiyAyun BCTpoeHHOH b 
BepXHIOK) HJIH IIH>KHK)K) KpeCTOBHHbl, HBJIHeXCH HX 
AempajibHOH nacTbio. 


table base. Their valuable advantage is ease of manu¬ 
facture, but their installation requires high-accuracy 
vertical adjustment as there are no adjusting appliances 
in this design. The thrust bearing of this design manu¬ 
factured by the AEG company has been in successful 
operation for a long time at hydroelectric power 
plant No. 1 of the Leningrad Power System under 
an axial load of 765 tf and a specific pressure of 
34.6 kgf/cm 2 . The segment of this thrust bearing is 
illustrated in Fig. 163. 

C MAIN ELEMENTS OF THRUST BEARINGS 

Thrust bearing bath. A thrust bearing bath (Fig. 164) 
is round or many-sided welded construction 7, which 
houses casing 2, with segments 4 mounted on sup¬ 
ports 3, runner 6 with collar or part of it 8; oil for 
lubricating and cooling the friction surfaces and oil 
coolers 5, if those are not arranged outside the bath. 

The bath is located either on the headcover or 
on the lower or upper bracket depending on the design 
of the generator. In some designs of generators the 
bath built into the upper or lower bracket is a central 
part of it. 

For the protection of oil against impurities and 
leakage out of bath cover 7 of the latter is fitted with 
seal 9. To form a chamber the inner section of the 
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Tfjin npeAoxpaHeHHH Macna ot 3arpH3iieHHn h 
npeAOTBpameHHH yTeneK H3 BaHHbi Ha ee KpbiniKe 7 
MOHTHpyiOTCH ynJIOTHeHHH P. JfjIH o6pa30BaHHH eMKOCT- 
HOH nOJIOCTH C BHyTpeHHeH CTOpOHbl BaHHbi yCTaHaBJIH- 
BaeTCH Ha ymiOTHeHHHx BbiropoAKa 10, KOTopaa pac- 
noJiaraeTca cTporo kohachtphhho k ACTajiaM Bpa- 
meHHH noAnaTHHKa, Tan Kan HeKOHijeHTpHHHoe ee pac- 
nojio>KeHHe npHBOAHT k HapymeHHio HopMajibHoro 
ABHHceHHH noTOKa Macna b BaHHe. 

Kopnyc noAnHTHHKa. Kopnyc no AnaTHHKa jiio- 
6oro pacnpocTpaHeHHoro KOHCTpyKTHBHoro HcnojiHe- 
hhh npeACTaBJiaeT co6oh CBapHyio Kpyrjiyio hjih MHoro- 
rpaHHyio KOHCTpy kahio , cocToaiAym H3 HH>KHero cnjxom- 
Horo h sepxHero c otbcpcthhmh ahckob, Mea<Ay koto- 
pbiMH pacnojiojKeHbi BepTHKajibHbie hojikh. 

B 3aBHCHM0CTH OT KOHCTpyKIJHH nOAnHTHHKO B y3JIbI 
b Kopnyce pasMeinaiOTca no-pa3HOMy. Tan, HanpHMep, 
b noAnaTHHKax c onopaMH Ha cnnpajibHbix npy>KHHax 
(pnc. 156) njiHTbi 16, Ha KOTopbix yCTaHaB jihb aiOTca 
npyacHHbi, KpenaTca HenocpeACTBeHHO k HHHmeMy 
AHCKy. 3 accb cerMeHTbi ot paAHajiBHbix h KpyroBbix 
nepeMeiAeHHH (JniKcnpyiOTca k BepTHKajiBHbiM Hapyac- 
HblM H BHyrpeHHHM nOJIKaM. 

B OAHopaAHbix noAnaTHHKax c rnAp aBJinnecKOH h 
bhhtoboh onopaMH Ha HH>KHeM A^cKe KpenaTca y 
nepBbix CHJib(|jOHbi, a y BTopbix — CTaKaHbi 6 noA 
onopHbie SojiTbi (pnc. 160). OnKcnpoBaHHe ceraeHTOB 
ot paAnajibHbix h KpyroBbix nepeMemeHHH npoH3BO- 
AHTCa k BepxHeMy AHCKy Kopnyca. 

B noAnaTHHKax c AByxpaAHbiM pacnojio>i<eHHeM 
cerMeHTOB (pnc. 164) Kopnyc npeACTaBJiaeT hcckojibko 
HHyio KOHCTpyKAHio. 3 accb Ha HHJKHeM AHCKe Kopnyca 
pacnojiaraioTca SajiaHCHpHbie pbina>KHbie ycTponcTBa 
C OnOpHbIMH BHHTaMH H CerMeHTaMH, a BepXHHM AHC- 
kom cjjHKCHpyiOTca onopHbie TapejiKH h cerMeHTbi. 

OnopHbie npyHCHHM, cnjib<J)OHbi, Gojitbi n 
TapejiKH. OnopHbie cnnpaJibHbie npy>KHHbi 14 
(pHC. 156) H3rOTaBJIHBaiOTCH H3 BbICOKOKaneCTBeHHOH 
KajmSpoBaHHOH npyacHHHoii crajiH, KOTopbie nocjie 
TepMHnecKOH o6pa6oTKH TapHpyiOT h KOMnjieKTyiOT noA 
Ka>KABIH CerMeHT B COOTBeTCTBHH C AaHHbIMH TapH- 
Pobkh. IIpy>KHHbi Ha imHTax 16 pacnojiaraioTca b 
njiaHe TaK, htoSbi paBHOAencTByiomaa ynpyrnx chji 
B cex ycTaHOBjieHHbix Ha njiHTe npyacHH npoxoAHJia 
He nepe3 u,eHTp cerAieHTa, a c HenoTopbiM CMemeHneM 
ot Hero b cTopoHy bbixoahoh kpomkh cerMeHTa. 3 to 
CM eiqeHHe hcoSxoahmo rjul Toro, htoSbi cerMeHT Mor 
HaXOAHTBCa B HeCKOJIBKO HaKJIOHHOM COCTOHHHH B 
CTopoHy bxoahoh KpOMKH, hto oSecnenHBaeT nonaAaHHe 
Macjia Me>KAy njiocKOCTaMH TpeHHa. ^[HCJieHHoe 3Hane- 
HHe 3KCu,eHTpHCHTeTa ajih 3Toro THna noAnaTHHKOB 
HaxoAHTca b npeAenax ot 3 ao 5%. KaacAaa npy>KHHa 
ycTaHaBJiHBaeTca Ha njiHTy c 3aAaHHbiM HaTaroM h b 
T aKOM noaoaceHHH OHa CTonopmca. 

OnopHbie cHjn»(|)OHbi (pnc. 157) npeACTaBJiaiOT 

co6oh cTajiBHbie sjiacTHHHbie KaMepbi, coeAHHeHHbie 


bath is provided with shield 10 mounted on seals. The 
shield is arranged in a position concentric with the 
rotating parts of the thrust bearing because a non- 
concentric arrangement of the shield will result in a 
disturbance of oil circulation in the bath. 

Thrust bearing casing. The casing of any widely used 
thrust bearing is a round or many-sided welded constru¬ 
ction consisting of a lower solid and an upper 
perforated disk between which vertical shelves are 
mounted. 

Depending on the design of the thrust bearing, the 
elements of the latter are arranged differently. For 
instance, in thrust bearings with supports on spiral 
springs (Fig. 156) plates 16 mounting the springs are 
fixed directly to the lower disk. In this case the seg¬ 
ments are fixed to the vertical outer and inner shelves 
to hold them against radial and circular displacements. 

In single-row thrust bearings with hydraulic and 
screw supports the lower disk houses bellows in the 
former case and sleeves 6 for supporting bolts in the 
latter case (Fig. 160). The segments are fixed to the 
upper disk of the casing to hold them against radial 
and circular displacements. 

In thrust bearings with two-row arrangement of 
segments (Fig. 164) the design of the casing is some¬ 
what different. Here, the lower disk of the casing 
houses equalizing lever devices with supporting screws 
and segments and the upper disk fixes the supporting 
plates and segments. 

Supporting springs, bellows 9 bolts, and plates. 
Supporting spiral springs 14 (Fig. 156) are made of 
high-quality spring steel. After heat treatment the 
springs are calibrated and fitted to each segment in 
conformity with the data on calibration. The springs 
on plates 16 are arranged in plan so that the resultant 
of elastic forces of all springs mounted on the plate 
does not go through the centre of the segment but 
shifts to the outlet edge of the segment. This shift 
is necessary because the segment should be inclined 
to the inlet edge which ensures penetration of oil 
between the friction surfaces. The numeric value of 
eccentricity for this type of thrust bearings is in the 
range of 3 to 5 %. Each spring is mounted on the plate 
with a specified tightness and fixed in position. 

The supporting bellows (Fig. 157) are steel elastic 
chambers communicating via a channel through which 
oil can pass from one chamber to another while pres¬ 
sure is equalized within these chambers. The outer 
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Me>K^y co 6 oh KaHajiOM, no KOTOpOMy Macjio Moncex 
nepexoflim* H3 oahoh KaMepti b Apyryio npn BbipaB- 
HHBaHHH b 3THX KaMepax AaBjieiiHH. HajiHune Hapy>K- 
HblX H BHyTpeHHHX BBIXOUeK Ha KaJK^OM CHJIb(|)OHe 
n03B0JIHeT npH H3MeHeHHH yCHJIHH Ha CHJIBcJdOII H3Me- 
hhtb ero BbicoTy. 3xo o 6 ctohtcjilctbo nonxH cboahx 
Ha HeT HenpHHTHOe A^HCXBHe Ha no AnHXHHK , BBI3BI- 
BaeMoe- bHeHHeM AHCKa noAnnxHHKa BCJie/^CTBHe Henep- 
IieH^HKyJIHpHOCTH ero IIJIOCKOCTH CKOJIB>KeHHH K OCH 
Bajia hjih HajiHHHeM HepOBHoexeii Ha ahckc. 

B HeHarpy>KeHHOM cocxohhhh 3 xa rHApaBJiHHecKan 
3aMKHyxaH CHCTeMa coo 6 ii^aioinHxcH cocy^OB HaxoAHxca 
6e3 AaBJieHHH. Ilpn Harpy3Ke Ha noAnnxHHK oceBoe 
AaBJieHHe BocnpHHHMaexcH 3 aMKHy xbim b cncxeMe 06 b- 
eMOM Macjia h jihhib He3HauHxejiBHaH nacxb flaBJieHHH 
BOcnpnHHMaexcH chjib^) oHaMH, Koxopbie AencxByiox 
3 Aecb nan npy>KHHbi. Bnojrae noHHXHO, uxo chjib^ohbi 

AOJDKHBI 6bIXb C^eJiaHBI XaKHMH, HXOSbl OHH MOrJIH 
Bbi^ep>KHBaxb npaKXHnecKH SecKOHeuHoe hhcjio H3Me- 
HeHHH no Bbicoxe, He HMen ocxaxouHbix fle^opMannH. 

Hajinune chjil(J)ohhoh cncxeMbi Ha noAnnxHHKe 
npaKTHnecKH oSecneuHBaex aBxoMaxnnecKoe pacnpe- 
ACJieHHe Harpy30K Me>KAy cenweHxaMH h CHHH<aex xpe- 
6 oBaHHH k peryjinpOBKe cerMeHxoB h BbiBepne Shchhh 
AH cna. 3xo 06 HHCHnexcH xeM, nxo 3 AecB ^ance npn 
on^yxHMbix 6 neHHHX A^cna xojiiAHHa MacjiHHOH njieHKH 
Me>KAy ahckom h cerMeHxaMH npaKxnnecKH Sy^ex 
OAHHaKOBOH. 

OnopHbie Sojixbi 5 (pnc. 160) c oAHoro KOima 
HMeiox Hape3Ky &jm peryjinpoBaHHH ero no Bbicoxe 
oxHocHxejibHo cxanaHa Kopnyca, a c Apyroro—cc^epnnec- 
Kyio xepMnnecKH o 6 pa 6 oxaHHyio uuiH(|)OBaHHyK) rojioB- 
yK ? Ha Koxopyio onupaexcH xapejina 4. B noAnnxHHKax 
6e3 ynpyrnx TapejioK Ha rojiOBKy Gojixa onnpaexcn 
HenocpeACXBeHHO cerMeHx noAnnxHUKa. 

3a nocjieAHee Bpewn b uejinx cHnnceHnn chji xpeHnn 
Me>KAy ctJjepnnecKOH rojiOBKoii n xapejiKOH onopHbie 
6 ojixbi cxajm AeJiaxB cocxaBHbiMH (pnc. 165), cocxoh- 
u^hmh H3 6 ojixa 1 c Hape3K0H, CAenaHHoro H 3 yrnepo- 
Ahcxoh cxajin, h BKjiaAbima 2 co c^epnnecKon noBepx- 
HOCXBK) H3 nOAHIHnHHKOBOH CXaJIH. 3X0X XepMHHeCKH 
o 6 pa 6 oxaHHbin n xmaxejiBHO oxuuiH(f)OBaHHi>iH BKJia- 


and inner grooves in each bellows make it possible 
to change the height of the bellows when forces on them 
vary. This design minimizes the unfavourable effect 
on the thrust bearing caused by the runout of the 
runner due to vertical misalignment of its sliding sur¬ 
face with respect to the shaft axis or due to rough 
spots on the runner. 

Under no-load conditions this closed-circuit hydrau¬ 
lic system of communicating vessels is pressureless. 
When a load is applied to the thrust bearing, axial 
pressure is taken by the oil volume in the closed- 
circuit system and only a small part of pressure is 
taken by bellows which in this case work like a spring. 
It is clear that the bellows should be designed to with¬ 
stand practically unlimited number of variations in 
height without any residual strains. 

The system of bellows in the thrust bearing ensures 
automatic division of loads between segments and 
derates the requirements for adjustment of segments 
and run-out of the runner. This is explained by the 
fact that even at perceptible run-out of the runner the 
thickness of the oil film between the runner and seg¬ 
ments will be practically similar. 

Supporting bolts 5 (Fig. 160) are threaded on one 
end for adjustment in height with respect to the casing 
sleeve. The other end is provided with a spherical 
heat-treated ground head that supports plate 4. In 
thrust bearings without elastic plates the segments 
rest directly on the bolt head. 

In recent years, in order to reduce friction forces 
between the spherical head and the plate the bolts 
have been made sectional (Fig. 165) consisting of 
threaded carbon steel bolt 1 and insert 2 with a sphe¬ 
rical surface made of bearing steel. This heat-treated 
and thoroughly ground insert is of higher hardness 
and less friction resistance. 



Pnc. 165. CoCTaBHOH OIIOpHblH 6ojit 
Fig. 165. Built-up support bolt 
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Pnc. 166. CemeHTBi noflnaTHHKa: 

a —iiejitHbiH CTaJitHOH c 6a66HTOBOH HanjiaBKoft; 6 — AByxcjioHHbm; 
e — noflyimta cemeHTa co bctp oe hh£>im oxna^HTeneM 
1 — oTBepcxne flJiH TepMOMeTpoB; 2 — ynop; 3 — cjioh 6a66HTa (b3ht 
yBeJiH^eHHbiM, He b MacirrraSe 1:1); 4 — KaHajibi ajih oxjiajKflemiH; 
5 — 3MeeBHK oxjiaiKfleHHJi noA cjioeiw 6a66nxa 


Fig. 166. Thrust bearing segments: 

a — Solid steel segment with babbit liner; 6 — two-layer; e — segment 
padding with built-in cooler; 

1 — holer for thermometers; 2 — thrust; 3 — babbit layer (magnified, not 
in scale 1:1); 4 — cooling ducts; 5 — cooling coil under babbit layer 


Abiui HMeex 3 HawrejibH 0 dojibinyio xBepAoexb h mchb- 
mee conpoxHBJieHHe xpemuo. 

CjieAyex 3aiuexHXB, nxo 6buio 6bi ijejiecoo6pa3HO 
CAenaxB H3 nOAHIHnHHKOBOH cxajiH, a xaione xepMH- 
necKH o6pa6oxaxB h xoporno oxiiuiHcJioBaxB npyrofi 
conpnraioiAHHCH c rojiOBKoii 3JieMenx b bhac BKJia- 
Abima b xapejiKy hjih b ceraem, rAe Hex xapenoK. 
Tanoe MeponpHHXHe Morao 6bi cnocoScxBOBaxB Jiyn- 
rneMy caMoycxaiiaBJiHBaHHio cerMeHxoB h yMeHBineHHio 
cmhxhh, a cjieAOBaxejiBHO, h npenuxcxBOBaxB pa3pery- 
jinpoBaHHio BbicoxHoro nojio>KeHHH cemeHxoB. 

OnopHbie ynpyrne xapejiKH 4 (pnc. 160) npeA- 
cxaBJimox co 6 oh xapejiBuaxwe npyncHHbi, npHAaiomne 
onope HeKOxopyio ojiacxHHHocxb, SjiaroAapn Koxopofi 
nacxHHHO nepepacnpeAejiHioxcH Harpy3KH Me>KAy ox- 
ACJiBHbiMH cerMeHxaMH. Ouei-ib Ba>Ki-io HMexB OAHHaKO- 
Byio ynpyrocxb oxhx xapejion, xai< nan npn 3xom Harpy3- 
Ka Ha oxAejiBHBie cenvieHXbi b pa6oxe 6yAex Hanbojiee 
paBHOMepHOH. 

Ynpyrne cBoncxBa xapenoK onpeAejiHioxcn hx reo- 
MexpnnecKHMH <J)opMaMH, pa3MepaMH npo(j)HJiH no Bep- 
XHKajiBHOMy ceueHHio h XBepAOCXBio Maxepnajia, nojiy- 
neHHofi nocne xepMoo6pa6oxKH Ha Bcex conocxaBHMbix 
yuacxKax. Tan kbk ynpyrne xapejiKH npeACxaBJimox 
co 6 oh BecBMa oxBexcxBeHHbiii 3JieMeHx onopbi, bjihhio- 
IAHH Ha (jiopMupoBaHHe MacjiHHOH njieHKH, ohh nepeA 
oxnpaBKOH Ha M0Hxa>K rojd khbi Ha 3aBOAe noABep- 
raxBCH xapnpoBaHmo. IIo pe3yjn>xaxaM AaHHBix xapnpo- 
BaHHH OHH C IipaKXHUeCKH OAHHaKOBBIMH noKa3axejiHMH 
AOJIHchbi KOMiiJieKXOBaxBCH Ha Ka>KABiii arperaT. 

Ha Mecxe MOHxa>Ka Heo6xoAHMo npoH3Becxn koh- 
TpojiBHoe xapHpoBamie, 3axeM c ynexoM noKa3aHHH 
TapnpoBaHHH npOH3BecxH ycxaHOBKy BbicoxHoro nojio- 
nceHHH Ka>KAoro cerMeHxa, hxo 6 bi paBHOMepHO pacnpe- 
ACjihtb Harpy3Ky MencAy BceMH cerMeHTaMH. 


It should be noted that it is expedient to make 
another element mating the head in the form of an 
insert fitted in the plate or the segment, if there is 
no plate. This element should be made of bearing 
steel, heat-treated and well ground. This would ensure 
better self-alignment of segments and reduce crumpling 
and, consequently vertical misalignment of segments. 

Supporting elastic plates 4 (Fig. 160) are disk 
springs which afford a partial re-division of loads 
between separate segments. It is important that these 
plates should possess similar elasticity because in this 
case the load on separate segments is most uniform. 

The elastic properties of the plates are determined 
by their geometry, size of the profile through vertical 
section and hardness of the material obtained after 
heat treatment. Since the elastic plates are rather 
important elements of the support which has an effect 
on the formation of the oil film the plates are to be 
calibrated at the plant before shipment. On the basis 
of results of calibration plates with practically similar 
characteristics should be selected for each unit. 

At the place of installation it is necessary to check 
the calibration and after that, on the basis of check 
results, each segment should be installed in a vertical 
plane so that the load is uniformly shared between 
all the segments. 

Supporting segments. The supporting segments 
(Fig. 165) are the shells of the block (thrust) bearing whose 
working surface mounts a mirror runner which carries 
the whole load of rotating parts of the unit. These 
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OnopHbie cerMeHTbi. OnopHbie cerMeHTbi (pnc. 
165) npe/jeraBJiHiOT co6oh BKJia^biniH onopHoro noA- 
uiHriHHKa (no^nnTHHKa), Ha paSoueii iiob epxHocrn ko- 
Topbix BpamaeTCH 3epKajibHbiH ahck, nepe^aBaH bcio 
oceByio pa6ouyio Harpy3Ky BpanjaiomHxcH uacTeii 
raApoarperaTa. 3th BKJiaAbiuiH npaBHJibHee 6buio 6bi 
Ha3BaTb He cerMeHxaMH, a ceKTopaMH, Tan nan Ka>KAbiH 
H3 hhx npeACTaBJineT coSoii Kanyio-To uacTb KOJibqa. 
OAHano Ha3BaHHe cerMem TBepAO 3ai<penHJioct 3a 
BKJiaAbimaMH b Hanien h uacTHHHO b 3apy6e>KHOH 
jimepaType. jjajibiiie mbi TaK>Ke SyzjeT npHAep>KHBaTbcn 
3T0r0 Ha3BaHHH. 

CerMeHTbi H3roTaBJiHBaiOTCH H3 jihctoboh jihtoh 
hjih KOBaHOH CTajiH c KpenjieHHeM Ha pa6oueii noBepx- 
HOCTH HeKOTOpOrO CJIOH BblCOKOKaueCTBCHHOrO 6a66HTa. 
Ohh, nan yme ynoMHHajiocb b n.A § 5-8, ACJiaiOTCH 
AejibHbiMH (pHc. 166, a) hjih no tojiiahhc pa3AejieHbi Ha 
ABa ajieMeHTa : hh>khhh MaccHBHbiii h BepxHHH cpaBHH- 
TeJIbHO TOHKHH (pHC. 166, 6). IlpHMeHeHHe AByXCJIOH- 
Hbix cerMeHTOB yMeHbmaeT BpeAHbie achctbhh Tenno- 
Bbix Ae<J)opMaAHH Ha o6pa30BaHHe MacjiHHOH iuichkh 
Me>KAy TpyiAHMHCH nOBepXHOCTHMH. B AByXCJIOHHbIX 
cerMeHTax HH>KHee ocHOBaHHe AeJiaeTCH CTajibHbiM, a 
BepxHHH noAyniKa Mo>KeT 6bitb crajibHOH, jiaTyHHon 
HJIH AK)pajIK)MHHHeBOH. OAHOCJIOHHbie cerMeHTbi AC- 
JiaiOTCH AejIHKOM CTaJIbHbIMH JIh6o C oSMeAHeHHOH 

noBepxHocTbio. 

Ha nOBepXHOCTHX COnpHKOCHOBeHHH HH>KHerO OCHO- 
BaHHH H BepXHeH nOAyiHKH oSbIHHO BbI(J)pe3epOBbI- 
BaiOTCH npoAOJibHbie h nonepeuHbie KaHajibi, KOTopbie 
cnoco6cTByiOT jiyumeMy oxjia>i<AeHmo h yMem»meHHio 
TenjioBbix AC(J)opMaAHH BepxHen noAyniKH (pnc. 166, 6). 

TaSapHTbi cerMeHTOB 3aBHCHT ot KOHcrpyKijHH 
noAnaTHHKa, onpeAejineMon oceBbiMH h yACJitHbiMH 
Harpy3KaMH h BbiSopoM komhohobkh y3Jia. HeM MeHbiue 
AJiHHa h niHpHHa cerMeHTOB, TeM MeHbine hx MexaHH- 
necKHe h TenjioBbie Ae<f)opMaAHH, TeM Jiyume npn 
npoHHx paBHbix ycjiOBHHx pa6oTOcnoco6HocTb noA- 
nHTHHKa. 

Hapy>KHbm AnaMeTp pacnojioHceHHH kojibha cer¬ 
MeHTOB onpeAejineTCH bcjihhhhoh hcoSxoahmoh njio- 
maAH ajih BocnpHHTHH oceBoro a^bjichkh npn onpeAe- 
JieHHOM AonycTHMOM yAejibHOM AaBJieHHH. BHyTpeHHHH 
AnaMeTp onpeAejineTCH AnaMeTpOM (J)JiaHu;a Bajia b 
30HTHHHbix h AnaMeTpOM Bajia b noABecHbix rHApore- 
HepaTopax. OTHomeHiie paAnajibHon cerMeHTa 

k cpeAHen Riume Ayrn ero oSbihho cocTaBJineT 
0,65—0,8. 

y ocHOBaHHH na>KAoro cerMeHTa hmciotch Bbicrynbi, 
3a KOTopbie cerMeHT yAep>KHBaeTCH njiamcaMH npn 
noA^eMe poTopa Ha TopM03ax, Tan nan npn otom cer¬ 
MeHTbi npHJinnaiOT k hjiockocth A^CKa. 

C nejibK) yMeHbmeHHH TenjioBbix A^(|)opMaAHH b 
chjibho HarpynceHHbix noAHHTHHKax c Oojibihhmh Ten- 
jiOBbiAejieHHHMH HHorAa b cerMeHTax noA cjioeM 6a6- 
6HTa ajih jiynmero OT0opa Tenjia b CTpaHB aioTCH MeAHbie 


shells would be more properly classified as sectors 
and not segments because each of them is a certain 
sector of the ring. However, the term “segment” finds 
wide use in our country and abroad and hereinafter 
they should be referred to as segments. 

The segments are made of cast sheet or forged 
steel with a high-quality babbit layer applied to the 
working surface. The segments, as has been mentioned 
in Section 5-8, A, are made solid (Fig. 166, a) or are 
divided in thickness into two elements: a thick lower 
section and a relatively thin upper one (Fig. 166, 6). 
The use of two-layer segments reduces harmful effect 
of thermal deformations on the formation of an oil 
film between friction surfaces. In two-layer segments 
the lower section is made of steel and the upper one may 
be steel, brass or duralumin. The single-layer segments 
are made solid of steel or may be plated with copper. 

On the surface of contact of the lower and upper 
section longitudinal and transverse ducts are usually 
milled to improve cooling conditions and to reduce 
thermal deformation of the upper section (Fig. 166, 6). 

The dimensions of segments depend on the design 
of the thrust bearing dictated by axial and specific 
loads and selection of the required arrangement. The 
less the length and width of segments the lower are 
their mechanical and thermal deformations and the 
better is serviceability, other conditions being equal. 

The outer diameter of the ring of segments is 
determined by the value of the area required for taking 
the axial pressure at the given permissible specific 
pressure. The inner diameter is determined by the 
diameter of the shaft flange in umbrella-type genera¬ 
tors and by the diameter of the shaft in overhung hydro¬ 
generators. The ratio of the radial length of the segment 
to the medium length of its arc is usually 0.65—0.8. 

Provided at the base of each segment are lugs 
through which the segment is held by cleats when 
jacking the rotor because in this case the segments 
stick to the runner. 

To decrease thermal deformations in heavily loaded 
thrust bearings with high heat evolution the segments 
have sometimes under the babbit layer copper tubes 
in the form of a coil or the like through which cooling 
water circulates for better heat removal (Fig. 166, b). 

The babbit layer on the surface of the segment or 
the upper section is fixed by lining or build-up with 
the help of a torch. Until recently the surface of the 
segment or the upper section contacting the babbit 
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Tpy6KH b BHAe 3MeeBHKa hjih Apyron <£opMi>i, no koto- 
pbiM AHpKyjiHpyeT oxJia>KAaiomaH boa& (pnc. 166, b). 

Ea66HTOBbiH cjioh Ha noB epxHOCTH cerMeHTa hjih 
noAyniKH 3aKpenjiHeTCH 3ajiHBKofi hjih HanjiaBKOH c 
noMomibio aBToreHHoii ropejiKH. ,Ifo nocjieAHero Bpe- 
MeHH Ha noBepxHocTH cerMeHTa hjih noAyniKH, conpn- 
KacaiomencH c 6a66nTOM, AeJiajiHCb cneuHajibHbie 
KaHaBKH (J)OpMbI ,, JiaCTOHKHHa XBOCTa c c (pnc . 163), 

KOTopbie oSecneuHBajiH HaH6ojibiuyio MexaHHuecnyio 
npouHOCTb cnenjieHHH 6a66nTa c cerMeHTOM hjih 

noAyniKOH. 

B HacTonmee BpeMH 6a66irr b 6ojibiiiHHCTBe cjiy- 
uaeB KpenHTCH Ha rjiaAKyio noBepxHOCTb mctoaom 
HanjiaBKH c noMombio ra30B0H ropejiKH. npn stom 
noBepxHOCTb, Ha KOTOpyio HanpaBjineTCH 6a6£>HT, npeA- 
b apHTejibHO o6cjiy>KHBaiOT ropnuHM oioco6om. 

K HeAocraTKaM KpeiuieHHH 6a66HTa c noMoinbio 
KaHaBOK, HMeioiqHx 4>opMy „jiacrouKHHa XBOcra” cjie- 
AyeT OTHecTH to, uto HajiHune pe3KHX nepexoAos b 
yrjiax KaHaBOK, KOHueHTpHpyioiAHx HanpnHceHHH, chh- 
7KSLCT yCTaJIOCTHyiO IipOHHOCTb COCAHHeHHH. KpoMe 
Toro, npn 3 tom cnocofie KpeiuieHHH 6a66nTa k noAyniKe 
pacxoA ero npHMepHO b 2—2,5 pa3a Sojibine, ue m npn 
KpenjieHHH HanjiaBKOH Ha rjiaAKyio noBepxHOCTb. 

npHMeHeHHe jiaTyHHbix hjih APyrnx cnjiaBOB abct- 
hbix MeTajuioB rjix H3roTOBJieHHH BepxHHx noAymeK 
3 HauHTejibHO yjiyumaeT otboa Tenjia ot 6 a66HTa. HaHe- 
ceHne Ha ocrajibHbie noAyniKH HeKOToporo cjioh (3— 
4 mm) MeAH xaioKe 3HauHTeJibH0 yjiyumaeT otboa Tenjia 
ot 6 a66nTa, Tan nan TeiuionpoBOAHOCTb MeAH b Hec- 
KOJibKO pa3 6ojibine TenjionpoBOAHOCTH 6a66HTa. 

npH H 3 rOTOBJieHHH CerMeHTOB H HamtaBKH Ha HX 
noBepxHOCTb 6a66nTa hcoSxoahmo TiuaTejibHO cjieAHTb 
3a coSjnoAeHHeM npaBHJi TexHOJiorHH, Tan KaK bchkhc 
OTKJIOHeHHH OT TeXHOJIOrHH H3rOTOBJieHHH H HanjiaBKH 
MOryT 3HaHHTeJIbH0 CHH3HTb pa 60 T 0 Cn 0 C 06 H 0 CTb nOA“ 
nHTHHKa. Tan, njioxan hjih HenojiHan TepMoo6pa6oTKa 
cerMeHTOB, a b AByxcjioHHOM HcnojiHeHHH noAymeK 
MOHCeT npHBeCTH K BCIiy HHB aHHK) H OTpblBy CJIOH 
6a66nTa ot noAyniKH BbiACJineMbiM H3 CTajiH boao- 
POaom. IIjioxaH HanjiaBKa h hh3khh ypoBeHb yjibTpa3By- 
KOBOrO KOHTpOJIH TaiOKe MOryT npHBeCTH K OTCJIOeHHK) 
6a66nTa. 

JfjiH ycTaHOBKH AaTHHKOB TeMnepaTypbi — TepMO- 
MeTpOB COnpOTHBJieHHH H SapOMeTpHUeCKHX TepMO- 
cnrHajiH3aT0p0B — b cerMeHTax Ha rpaHHije c 6a66HTOM 
npocBepjiHBaioT rjiyxne OTBepCTHH c Hape3KOH noA 
HiTyAep KpenjieHHH. 

3epKajibHbiH ahck. 3epKajibHbiH BpaiuaioiAHHCH 
Ahck noAHHTHHKa 6 (pnc. 164) ACJiaeTCH H3 uejibHo- 
KOBaHOH CTajibHOH KOJibAeBOH 3aroTOBKH. K o6pa6oTKe 
TopuoBbix noBepXHocTeii AHCKa npeA bhb jihiotch hckjiio- 
HHTeJIbHO BbICOKHe TpefiOB 3HHH B OTHOHieHHH COSjIIO- 
ACHhh napajuiejibHocTH njiocKOCTen, a TaiOKe hhctotbi 
o6pa6oTKH ero 3epKajibHOH pafioneii noBepxHocTH. Ot- 
KjioHeHHe ot napajuiejibHocTH njiocKocreH AonycnaeTCH 


was provided with special grooves made in the form 
of a “dovetail” (Fig. 163). These grooves provided 
maximum mechanical strength of the contact between 
the babbit and the segment or the upper section. 

At the present time the babbit in most cases is 
fixed to a smooth surface by build-up with the help 
of a torch. In this case the surface on which the babbit 
is built up is tinned with the hot method beforehand. 

One of disadvantages of babbit fixing with the 
help of dovetail grooves is that a sudden change in 
concentric stresses at the corners of the grooves cuts 
down the fatigue strength of the connection. Besides, 
in this method of fixing the babbit on the surface of 
the upper section of the segment the consumption of 
the babbit is 2—2.5 times higher than in the method 
of building-up on a smooth surface. 

The use of brass or other alloys of non-ferrous 
metals for making the upper section of the segment 
improves heat removal from the babbit. A layer of 
copper of some 3—4 mm in thickness also makes for good 
heat removal from the babbit because heat conduction 
of copper is several times higher than that of babbit. 

When making segments and building up babbit 
one should carefully follow the assigned specifica¬ 
tions because any deviations may result in deterio¬ 
ration of serviceability of the thrust bearing. For 
instance, incomplete or improper heat treatment of 
segments or the upper section of segments may bring 
about swelling up and break-off of the babbit layer 
by liberation of hydrogen from the steel. Improper 
building-up and inaccurate ultrasonic inspection may 
also result in chipping-off of the babbit. 

For installation of temperature transmitters (re¬ 
sistance thermometers and barometric temperature de¬ 
tectors) blind holes with threads for pipe unions shall 
be drilled in segments on the boundary with the babbit. 

The runner. The runner of the thrust bearing 6 
(Fig. 164) is made of a seamless forged round steel 
blank. Extremely heavy demands are placed upon 
face machining as concerns parallel alignment of 
planes and the degree of its mirror surface finish. 
Parallel misalignment of planes should not be more 
than 0.03 mm and the degree of its mirror surface 
finish should be not less than class 8 . 

For elimination of deformations due to redistri¬ 
bution of inner stresses the blank of the runner should 
be grinded for a long time or heat treated many times. 
Improper and incomplete heat treatment will cause 
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He 6ojiee 0,03 mm, a uncroTa o6pa6oTKH sepnajitHofi 
iiob epXHOCTH AHCKa flOji>KHa 6bitb He HHHce 8-ro Kjiacca. 

B rjejinx HCKJiiOHeHHH ^;e(J)opMai^HH 3a cueT nepe- 

p acnp ejjejieHHH BHyxpenHHX HanpH>Kei-iHH 3aroTOBKy 
AHCKa HeoSxoAHMO noABepraTb A^HTejiBHOMy CTHpaHHio 
hjih MHoroKpaTHOH TepMoo6pa6oTKe. rinoxan HenojiHan 
TepMoo6pa6oTKa, Tan >Ke nan h b ceraeHTax, npHBOAHT 
BXXOCJieACTBHH K nOBpOKA^HHIO 3epKaJH>HOH noBepx- 
HOCTH BblACJIHIOIAHMCH H3 TOJIIIJHH AHCKa BOAOpOAOM. 

B ijejinx coxpaneHHH ahckom CTaOmibHOCTH ero 
AenaiOT BecbMa tojictbim. UeM Sojibine A^aMeTp AHCKa, 
TeM GoJibine ero TOJimHHa. Tan, y ahckob AnaMeTpoM 
AO 5 m TOJiHpma A^Ji aeTCH 250 mm. 

06pa6oTKa 3epKajibHOH noBepxHOCTH AHCKa npeA" 
CTaBJiaeT co6oh BecbMa TpyA° eMK yio h cjio>KHyio paOoTy. 
Ilocjie hhctoboh o6pa6oTKH noBepxHOCTb noABepraeTCH 
nepHOBOMy, a 3aTeM uncTOBOMy cynepcJjHHHiiiHpoBa- 
hhk), KOTopoe npoAOJi>KaeTCH no HeCKOJibKy AHefi. 

BTyjiKa noAHHTHHKa. BTyjiKa noAnHTHHKa 1 
(pHC. 160) npeACTaBJiner co6oh BecbMa ncecTKyio koh- 
CTpyKAHK), K KOTOpOIl KpCIIHTCH 3epKaJIbHbIH AHCK H 
nepe3 KOTopyio bch oceBan paSonan Harpy3Ka rHApo- 
arperaTa nepeAaercn Ha cerMeHTBi noAnHTHHKa. 

B raAporeHepaTopax 30HTHUHoro rana oHa oaho- 
BpeMeHHO HBJIHCTCH H BTyJIKOH pOTOpa. 

BTyJIKH noAnHTHHKa A£-H a ^)TCH CTaJIbHblMH JIHTBIMH, 
KOBaHbIMH HJIH CBapHbIMH. KOBaHbie BTyJIKH jiyurne, 
TaK KaK HMeiOT 6ojiee njioTHyio cTpyraypy, hto BecbMa 
BancHO b cjiyuanx, KorA a BTyjiKa oAHOBpeMeHHO hbjih- 
eTCH h meHKOH noAUinm-niKa. 

CyiAecTByeT mho>kcctbo kohctpykahh BTyjioK, ko- 
Topbie onpeA^JiHioTCH KOMnaHOBKOH rHAporenepaTopa. 

3aroTOBKa BTyjiKH noAnHTHHKa, TaK nee KaK h 
AHCK a, AOJiHCHa noABepraTbcn A^Hxejibi-iOMy CTapemuo 
hjih xopoineH TepMOo6pa6oTKe TaK, hto6bi b npoijecce 
SKcnjiyaTaAHH rnAporeHepaTOpa He npOHCxoAHJio nepe- 
pacnpeACJieHHH ocTaxomibix HanpHJKeHHH, conpOBO>K- 
AaeMoro odniUHO Ae(})opMaii,HeH • T aH ee BTyjikH noAHHT- 
hhkob 30HTHHHbix rHAporeHepaTOpoB CaJKajIH Ha BaJI 
co mnoHKOH hjih 6e3 Hee b ropnueM coctohhhh c 6ojh»- 
hihm HaTaroM; npn stom BTyjiKa HepaBHOMepHO Aecjjop- 
MHpoBajiacb, BbiabiBaa 6Hemie ee onopHoii njiocKOCTH 
npH BpameHHH BaJia b noAHinnHHKax. Ecjih BTyjiKa 
3aTeM He npoxannBajiacb BMecTe c BajioM, 3 to 6neHHe 
ycrpaHHJiocb Ha MOHTa>Ke. B reHepaTOpax noABecHoro 
THna npoH3BOAHJiacb njioTHan nocaA Ka BTyjiKH Ha Baji 
h OneHHe onopHoii nacTH HaSjnoAaJioct MeHbine. IIocaA - 
Ka BTyJIOK C MeHbUIHM HaTHrOM BbI3bIBaJia KOHTaKTHyK) 
K0pp03HK) Me>KAy no CaAOHHbIMH nOBepXHOCTHMH. 

TTt tST yMeHbineHHH A e 4 )0 P Mai l HB H KOHTaKTHOH KOp- 
p03HH b nocaAOHHbie MecTa Ha BTyjiKax 3a nocjieAHee 
BpeMH craJiH 3aKpenjiHTb cjioh MeAH, a nocaAKy AejiaTb 
C MeHbHIHM HaTHTOM. Cjioh mcah B HacTOHmee BpeMH 
HaHOCHTCH sjieKTponanjiaBKOH. T anyio >Ke HanjiaBKy 
AJIH yMeHbineHHH KOHTaKTHOH K0pp03HH Me>KAy AHCKOM h 
BT yjiKOH crajiH A^JiaTb Ha onopHyio noBepxHOCTb BTyjiKH. 


damage to the mirror surface due to liberation of 
hydrogen in much the same way as in segments. 

In effort to maintain its stability the mirror is made 
rather thick. The thickness of the runner varies directly 
with its diameter. For instance, the runners of up to 
5 m in diameter are up to 250 mm in thickness. 

The machining of the mirror surface of the runner 
is laborious and complicated work. After finishing 
the surface is subjected to rough and then to final 
superfinishing during several days. 

The collar of the thrust bearing. The collar of 
thrust bearing 1 (Fig. 160) is a rigid construction to 
which a mirror runner is fastened and by means of 
which all axial work load of the hydropower unit is 
transmitted to the segments of the thrust bearing. In 
hydrogenerators of the umbrella-type the collar is 
the rotor hub at the same time. 

The collars of thrust bearings are cast, forged, or 
welded steel structures. Forged collars are considered 
better because of a more consistent structure which 
is particularly important when the collar is a journal 
at the same time. 

There are many designs of collars determined by 
the make-up of hydropower units. 

Similarly to the runner the blank of the thrust 
bearing collar should be subjected to long-time ageing 
or proper heat treatment so as to avoid re-distribution 
of residual stresses followed usually by deformation 
in the course of operation. Formerly the collars of 
thrust bearings of umbrella-type hydrogenerators were 
shrunk on the shaft with high interference with a key 
or without it; in this case the collar was deformed 
which resulted in the run-out of its bearing surface 
when the shaft rotated in bearings. If after that the 
collar was not turned together with the shaft this 
trouble was eliminated during installation. In overhung 
generators the collar had a locational interference fit 
on the shaft and the run-out of the supporting section 
was observed more rarely. Fitting of collars with less 
interference brought about contact corrosion between 
fitting surfaces. 

In recent years for the reduction of deformations 
and contact corrosion the fitting places on collars have 
been protected by a layer of copper and the collars 
have been fitted with less interference. At the present 
time a copper layer is built up electrically. For the 
reduction of contact corrosion between the runner and 
the collar the supporting surface of the collar is built 
in much the same way. 
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I\ ^HSimeCKHE flBJIEHIIH* 
IIPOHCXOftHIIJHE nPIi PABOTE 
nOftllflTHKKOB 

06pa30BaHHe msicjihhoh njieHKH. Pa6oTocnoco6- 
hoctb jiio6oro noAHHTHHKa onpeACJineTCH tcmh neo6xo- 
AHMblMH yCJIOBHHMH, npH KOTOpbIX MOKAy TpyilJHMHCH 
nOBepXHOCTHMH AHCKa H CeraeHTOB MOJKCT SbITb o6ec- 
neueH cjioh CMa3KH bo Bcex pencHMax pa6oTbi thapo- 
arperaTa, BKJiionaH nycKH h ocraHOBKH. 

TojiiAHHa MacJiHHOH njieHKH npn stom AOJi>KHa 
6biTb AocraTOHHOH ahh Toro, htoSbi npeAOTBpaTHTB 
HenocpeACTBeHHoe conpHKocHOBeHHe AByx Tpymnxcn 
noBepxHOCTen npn hx othochtcjibhom nepeMemeHHH. 
Bo Bcex pencHMax paSoTbi rnApoarperaTa aoji>kho 6biTb 
oSecneueHO >khakocthoc Tpemie Ha Been paSonen 
noBepXHOCTH cerMeHTOB, BKJiiouaH h BbinyKjiocTH Ha 
ceraeHTax h ahckc, nojiyneHHbie b pesyjibTaTe MexaHH- 
necKHx h TenjioBbix A^opMaAHH. TojiiAHHa Macjinnon 
njieHKH y HopMajibHO paSoTaiomHx noAnnTHHKOB cpeA- 
hhx h KpynHbix rHApoarperaTOB npn pa3JinuHbix pe>KH- 
Max pa6oTbi npaKTHnecKH HaxoAHTCH b npeAeJiax 
0,04—0,012 MM Ha BbIXOAHOH CTOpOHe H COOTBeTCTBeHHO 
B 1,5—5 pa3 6ojibine Ha bxoahoh cropoHe. ^HCJieHHoe 
3HaneHHe ee h cooTHoineima Me>KAy TOJimHHaMH Ha 
BXOAHOH H BbIXOAHOH CTOpOHaX 3aBHCHT OT KOHCTpyK- 
AHH noAHHTHHKa, (J)H3HHeCKHX CBOHCTB MaCJia, OCeBOH 
h yAeJibHbix Harpy30K Ha noAnHTHHK, CKopocra Bpame- 
hhh arperaTa h ot Apyrnx ycjiOBHH. 

Oahhm H3 cymecTBeHHbix C^^lOP 06 * bjihhiohjhx 
H a oSecneneHHe >KHAKOCTHoro TpeHHH, hbjihctch cko- 
pocTt BhaHMHoro nepeMeineHHH Tpyiqnxc h noBepxHO- 
CTeii. 3Ta cnopocTb npn 3aAaHHbix <j)H3HnecKHX cboh- 
cTBax Macjia h 3aAaHHoii Harpy3Ke AOJi>KHa 6biTb 6 ojib- 
Hie HeKOTOpOH MHHHMaJIbHOH CKOpOCTH, T.e. CKOpOCTH 
BcmibiBaHHH noAnHTHHKa. ^HCJieHHoe 3HaneHne ee 
AJih noAnaTHHKOB Ha ycHJiHH 2000—3400 tc, no onbiT- 
HbiM AanHbiM, cocTaBJineT 0,6— 8 m/c. 3to cootbct- 
CTByeT noBOpOTy pOTOpa Ha 15—160° b 3aBHCHMOCTH ot 
MHOH cecTBa (|)aKTopoB, onpeAejiHioiAHX pafioTy noAnHT¬ 
HHKa. 

PaccMOTpHM 3Tanbi nponecca (JjopMnpoBaHHH Mac- 
JIHHOH IIJieHKH Me>KAy paSOHHMH nOBepXHOCTHMH AHCKa 
h ceraeHTOB. IIpeACTaBHM ce6e, hto nepeA nycKOM 
rHApoarperaTa 3epKajn»HaH noBepxHOCTb npH>Kaxa k 
noBepxHocTH ceraeHTOB TaK, hto sth noB epXHOCTH 
pa3AeJieHbi MencAy co6oh hhhtohcho Majiofi MacJiHHOH 
njieHKQH c HajiHHHeM npaKTHuecKH HenocpeACTBeHHoro 
KOHTaKTa Ha BepniHHax OTAeJibHbix BbiCTynaionnix ynacT- 
KOB, rpaHHHaiOIAHX B OCHOBHOM C BbIXOAHOH KpOMKOH 
ceraeHTa. TaKHM o6pa30M, nycK THApoarperaTa, no 
cyTH AeJia, npoHcxoAHT Ha nojiycyxoM TpeHHH c He3Ha- 
HHTejibHbiM HaKJioHOM ceraeHTOB B CTOpOHy 3axOAHOH 
KpOMKH. 

B Hanajie pa3BopoTa rHApoarperaTa ABHHceHne 
AHCKa npoHcxoAHT no BepniHHaM HepoBHOCTen, HMeio- 


D. PHYSICAL PHENOMENA 

IN THRUST 

BEARINGS 

Formation of oil film. Serviceability of any thrust 
bearing is determined by the required conditions in 
which a lubricating layer should be provided between 
friction surfaces of the runner and segments under 
all operating conditions of the unit including start-up 
and shutdown. 

As this takes place, the thickness of the oil film 
should be sufficient to avoid a direct contact of two 
friction surfaces during their relative motion. Under 
all operating conditions of the unit wet friction shall 
be provided on the whole working surface of segments 
including bulges on segments and the runner resulted 
from mechanical and thermal deformations. The thick¬ 
ness of the oil film of normally operating thrust bear¬ 
ings of medium and large hydraulic units under diffe¬ 
rent operating conditions ranges between 0.04 and 
0.012 mm on the outlet side and is 1.5—5 times higher 
on the inlet side accordingly. The numeric value of 
the thickness and the ratio between thickness on the 
inlet and outlet sides depend on the design of the 
thrust bearing, physical properties of the oil, axial 
and specific loads upon the thrust bearing, speed of 
the unit, and other conditions. 

One of the important factors effecting the formation 
of the liquid friction is the speed of relative motion 
of friction surfaces. At the given physical properties 
of the oil and the given load this speed should be 
higher than a certain minimum speed, i.e. the speed 
of floating up of the thrust bearing. The numeric 
value of this speed for the thrust bearings of 2000— 
3400 tf load determined empirically is 0.6—8 m/s 
which corresponds to the turn of the rotor through 
15—160° depending on numerous factors defining 
the functioning of the thrust bearings. 

Let us consider the process of formation of the oil 
film between working surfaces of the runner and 
segments. Imagine that before the start-up of the unit 
the mirror surface is pressed to the surface of segments 
so that these surfaces are separated from each other 
by a very thin oil film and practically there is a direct 
contact between the tops of separate bulges bordering 
mainly on the outlet edge of the segment. Thus, the 
start-up of the unit, as a matter of fact, takes place 
on a semi-dry friction with a small tilt of segments 
to the inlet edge. 

At the beginning of the turn the runner moves on 
tops of bulges occurred on the surface of segments 
meeting with high friction drag. Holding on to the run- 
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iijhxch na noBepxHO cth ceraeHTOB, BCTpeuan Ha CBoeM 
nyxH 6ojn>moe conp othb jieHne TpeHHio. YAep>KHBaHCB 
cHJiaMH TpeHHH 3 a ahck, cerMeHT, na k 6bi yBJieKaHCB 
3a hhm, noBopaHHBaeTCH BOKpyr onopbi TaKHM o6pa- 
30M, HTO BXO^HaH UaCTB erO HeCKOJIBKO 3aKpbIBaeTCH. 
Bcne^cTBHe 3Toro, Ha 3axoAHOH uacra pe3K0 noAHH- 
MaexcH AaBJiemie HMeiomerocn b stoh 30He MacjiHHoro 
cjioh. Macjio, 0Ka3aBmeecH b Sojiee y3KOH menu, 
HMea GojiBinoe AaBJieHne, yBJieKaexcn ahckom b 3ony, 
npHMBIKaiOmyK) K BBIXOAHOH KpOMKe, H BKJIHHHBaeXCH 
xaM Me>KAy ahckom h cenvieHxoM. Bo3pocuiee b 3axoA- 
hoh nacxH AaBjieHne, b cboio ouepeAB, onpoKHABreaeT 
cerMeHx o6paxHO b xanoe nojiOHceHHe, npn koxopom 
o6ecnenHBaexcH nocxoHHcxBo MacjiHHoro KJiHHa, h 
AHCk noAnnxHHKa nan 6bi BcnjibiBaex Ha Macjie. Cer- 
MeHX npH 3XOM OCXaeXCH B HeCKOJIBKO H3KJI0HH0M nojio- 
JKCHHH B CXOpOHy BXOAHOH KpOMKH. 

B HeKoxopbix noAnnxHHKax axox npou;ecc nponcxo- 
Ahx He cpa3y, a nocjie hcckojibkhx xaKHx uepeAyio- 
iahxch KOJieGaHHH, x.e. conpoBOHCAaexca hbjichhhmh 
nepeperyjiHpoBaHHH nojio>KeHHH cemenroB. 

06pa30BaHne MacjiHHOH njieHKH ocoSeHHo 3axpyA- 
HeHo npH MeAJieHHbix nycKax, KorAa nponcxoAHx MeAJieH- 
Hbin npnpocx CKopocxH BpameHHH. OAnaKo, cjieAyex 
3aMexHXB 5 hxo MacjiHHan njieHKa npn Bcex Apyrnx 6 jiaro- 
npHHXHbix a-hh ee o6pa30BaiiHH ycjiOBHHX HHorAa 
MO>Kex noHBjiHXBCH MrHOBeHHO nocjie xporaHHH raApo- 
arperaTa c Mecra. 3 to oShhchhctch xeM, hto nycK 
arperaxa c oxHOCHxejibHO ahhhhbim BajioM oSbihho 
conpoBo>KAaexcH HenoxopbiM pbibkom, nojiynaeMbiM 3a 
cnex npy>KHHHoro a^hcxbhh Bajia. 

Baji rHApoarperaxa b momcht nycna CKpyuHBaeTCH 
b npeAejiax ynpyrocxn CHJiaMH AEHHcymero MOMeHxa 
H H36bIXKa MOMeHxa CHJI COnpOXHBJieHHH XpeHHIO 
noKoa HaA momchxom ch ji conpoxHBJieHHH nojiy>KHA“ 
KoexHoro TpeHHH, a npn Tporamra THApoarperaTa c 
Mecxa, MTHOBeHHo pacKpyHHBancB, AencTByeT kbk ycKO- 
pHTeJlB. 

06pa30BaHHK) MaCJIHHOH njieHKH BO MHOrOM TaKHCe 
SjiaronpHHTCTByioT SbicrpbiH nycK rHApoarperaTa h 
oSecneneHHe Sbicrporo HapacTaHHH ckopocth Bpa- 
meHHH. 

He MeHee Ba>KHbiM ycjiOBHeM npn o 6 pa 30 BaHHH 
MaCJIHHOH HJieHKH Me>KAy TpyilJHMHCH nOBepXHOCTHMH 
HBJiHeTCH cnoco 6 HOCTb cerMeHTOB k caMoyCTaHaB jihb a- 
hhk) b Tanoe nojio>Kerme, npn kotopom ooecneuHBaercH 
HenoTopbiH HaKjiOH cerMeHTa b CTopoHy ero bxoahoh 
K pOMKH. IIpH 3T0M 3a30p MOKAy TpyilJHMHCH IIOBepX- 
hocthmh HecKOJiBKO pacKpbiBaeTCH, hto oSjiernaeT 
3axoA b Hero MacjiHHoro KJiHHa h cnocoScxByeT TOMy, 
hto Macjia Ha ceraeHT nocTynaeT 6 ojibnie, neM Bbixe- 
KaeT c npOTHBonojiOHCHOH ctopohm. Ecjih >Ke cerMembi 
He caMoycTaHaBjiHBaiOTCH b Hy>KHoe nojioHceHHe, Mac- 
jiHHan njieHKa Ha bbixoahoh CTopoHe mo>kct Hapy- 
hihtbch, b pe3yjibTaTe Hero TpeHne SyA^T nojiycyxHM. 


ner by friction forces the segment follows it and rotates 
around its axis so that its inlet section is closed a little. 
In consequence, the pressure in the oil film behind 
the leading section rises sharply. The oil under high 
pressure appeared in a narrower slit is carried away 
by the runner to the zone adjacent with the outlet 
edge and wedged between the runner and the segment. 
The increased pressure in the leading section, in turn, 
throws the segment back in the position which pro¬ 
vides a constant oil wedge and the runner as if floats 
up in the oil. As it takes place, the segment remains 
somewhat tilted to the inlet edge. 

In some thrust bearings the process does not take 
place right away but after several alternating cycles 
of re-arrangement of segments. 

The formation of the oil film is particularly dif¬ 
ficult at a slow start-up when acceleration is small. 
However, it should be noted that the oil film under 
all other favourable conditions of its formation may 
appear instantly after the unit starts moving. This is 
explained by the fact that the start-up of the unit with 
a relatively long shaft is usually followed by a jerk 
due to the spring action of the shaft. 

At the moment of start-up the unit shaft is twisted 
within the limits of elasticity by the forces of the running 
torque and the excess torque of forces of static friction 
resistance over the torque of resistance of semi-wet 
friction forces. When the unit starts moving the shaft 
is untwisted instantly and works as an accelerator. 

A quick start-up and acceleration of the unit favour 
the formation of the oil film. 

Of great importance for the formation of the oil 
film between friction surfaces is the capacity of seg¬ 
ments to align themselves in the position of a certain 
tilt to the inlet edge. As this takes place, the gap bet¬ 
ween friction surfaces opens a little which facilitates 
the inlet of the oil wedge into it and promotes the 
inflow of oil onto the segment at the rate which exceeds 
the outflow. If the segment is not self-aligned to the 
required position, the oil film on the outlet side may 
be damaged and friction may turn out to be semi-dry. 

The breakdown of the film may also result from 
heavy mechanical and thermal deformations of seg¬ 
ments and the mirror surface particularly at slow 
shutdown when factor of speed of film formation 
starts exerting additional influence. 

The processes of formation of the oil film during 
start-up are diversified and differ greatly from each 
other and depend on the design of thrust bearings, 
type of turbines, duration of stoppage preceding the 
start-up, and many other factors. 
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Pa 3 pymeHHe raieHKH nponcxoAHT TaK>Ke npn 6 ojie>- 
iiihx MexaHHuecKHx h TenjiOBbix n e 4>opMan;HHX cer- 
MeHTOB h 3epKana, ocoSeHHO npn MeAJieHHbix ocTa- 
HOBKaX, KOrAa Ha 3T0 nonOJIHHTeJIbHO BJIHHeT CKOpOCT- 
HOH <J)aKTOp 06pa30BaHHH njieHKH. 

nponeccbi o6pa30BaHHH MacjiHHOH njieHKH npn 
irycKax ouem> pa3Hoo6pa3Hbi, 3HauHTejibHO OTJinuaiOTCH 
OAHH OT Apyroro H 3aBHCHT OT KOHCTpyKIJHH nOAIIHT- 
HHKOB, THnOB THAp OTyp 6HH , np OAOJl>KHTeJH>HOCTH HpeA - 

mecTByiomeH nycKy ctohhkh h mhoithx Apyrnx ycjioBHH. 

CjieAyeT 3aMerHTb, hto o6pa30Bamie MacjiHHOH 
njieHKH 3HaHHTejibHO o6jieruaeTCH, KorAa nepeA nyc- 
KOM B 3a30p MOKAy TpyiAHMHCH nOBepXHOCTHMH MaCJIO 

noABOAHTCH no a onpeAejieHHbiM AaBJieHneM. npn 

3tom, KaK noKa3aji onbiT nycna THApoarperaTOB EpaT- 
ckoh T3C, odopyAOBaHHbix ycTponcTBOM noAauH Macna 
noA 3epKajio, arperaT Tporajicn c MecTa cnoKOHHO, 
6e3 nojiycyxoro TpeHHH. CemeHTbi nocjie noAauH k 
hhm Macjia noA AaBJieHHeM HaKjioHHjmcb b CTopoHy 
BXOAHOH KpOMKH Ha BeJIHHHHy 0,05—0,06 MM, h Beet 
poTop noAHHMancH Ha 0,04—0,05 mm. npn nycne arpe- 
raTa, KorAa cpeAHHH ckopoctb nepeMemeHHH Aucna no 
cerMeHTaM AOCTHraa 5,2 m/c, cerMeHTbi npaKTHuecKH 
3aHHJin ropH30HTajibHoe nojioHceHHe. 3aTeM cnycTH 
3,6 c Hanaji BcmibiBaTb noAnnxHHK, h cerMeHTbi HaKJio- 
HHJIHCb B CTopoHy BXOAHOH KpOMKH, TaK HTO TOJIIAHHa 
MacjiHHOH njieHKH Ha bxoahoh CTopoHe 6buia 0,15 mm, 
a Ha bbixoahoh — 0,11 mm. 

OAHano, KaK y>Ke OTMeuajiocb b n.E § 5-8, HajinuHe 
b y3Jie noAnHTHHKa AonojiHHTejibHoro ycTponcTBa CMa3- 
kh noA AaBJieHHeM c HacocoM h chctcmoh KJianaHOB 
cHH>KaeT HaAe>KHOCTb ero paOoTbi. 

MacjiHHan njieHKa MOKAy TpymHMHCH noBepxHO- 
CTHMH B p 33JIHHHbIX paSoHHX 30H8X CerMeHTOB HMeeT 
pa3JiHHHbie (f)H3HuecKHe cBOHCTBa. YnpyrocTB ee Ha 
BBIXOAHOH CTopoHe 3HaHHTeJIBHO CoJIBHie, HeM B 30He, 
npHMbiKaioiAeH k bxoahoh KpOMKe, h pacnpeAeJineTCH 
no KpHBoJiHHeHHOH 3aBHCHMOCTH onpeAejieHHoro xapaK- 
Tepa, npHcymero npH Bcex npounx paBHbix ycjiOBHHX 
tojibko A^HHOMy KOHKpeTHOMy noAHHTHHKy. TeMnepa- 
Typa MacjiHHOH njieHKH npaKTiiuecKH pacnpeAeJineTCH 

TaK, hto, AoexHran MaKCHMajiBHbrx 3HaneHHH b cpeA- 
Hefi uacTH h Ha bbixoahoh CTOpOHe, Ha bxoahoh 
CTopoHe HMeeT HaHMeHBuiHe 3HaneHHH. TpaHHAbi TeM- 
nepaTypHbix 30H Tannce pa3JiHHHbi ahh KancAoro koh- 
KpeTHoro noAnHTHHKa. Ha pnc. 167 h 168 npHBeAeHbi 
rpa(j)HHecKHe AaHHbie pacnpeAejiemiH TeMnepaxypHbix 
nojieii MacjiHHOH njieHKH Ha noBepxHOCTH cerMeHTOB 
npn pa6oTe noAnHTHHKa Ha rHApaBJinnecKOH onope 
rHApoarperara HpKyTCKoii T3C h bhhtoboh JfHenpoA- 
3ep)KHHCKOH T3C. 

TeMnepaTypa BbixoAnmero c cerMeHTa Macjia cpas- 
HHTejiBHo BbicoKa h Rim Toro, htoObi oho He nonaAaJio 
Ha cjieAyioiAHH cerMeHT, hcoGxoahmo b noAnHTHHKax 
npeAycMaTpHBaTB y ctpohctbo ahh c x>eMa ropHnero 
Macjia c 3epKajia, jih6o A^JiaTB Sojibhioh npoMencyroK 


It should be noted that the formation of oil film is 
facilitated considerably when before the startup the 
oil is supplied under pressure to the gap between fric¬ 
tion surfaces. The experience of commissioning of the 
Bratsk hydroelectric power plant the units of which 
are equipped with an oil supply system the runner 
demonstrates that the unit started moving easily 
without any semidry friction. After the oil was sup¬ 
plied under pressure to the segments^the latter tilted 
0.05—0.06 mm to the inlet edge and the whole rotor 
floated up by 0.04—0.05 mm. During startup of the 
unit, when the speed of the runner was 5.2-m/s, the 
segments occupied a practically horizontal position. 
Then after 3.6 s the thrust bearing started floating 
up and the segments tilted to the inlet edge so that 
the thickness of the oil film was 0.15 mm on the inlet 
side and 0.11 mm on the outlet side. 

However, as it was mentioned in Section 5-8, B, 
the additional device supplying oil under pressure with 
a pump and a number of valves affects serviceability 
of the thrust bearing. 

The oil film between friction surfaces at different 
working zones of segments possesses different physical 
properties. Elasticity at the outlet side is considerably 
higher than that of the zone adjacent with the inlet 
edge and is distributed according to nonlinear depen¬ 
dence of a definite nature typical, all thing being equal, 
of a particular thrust bearing only. The temperature 
of the oil film is practically distributed so that the maxi¬ 
mum values appear in the middle and outlet sections 
with less quantities in the inlet one. The boundaries 
of temperature zones differ in each particular thrust 
bearing. Figs. 167 and 168 show graphical distribution 
of temperature fields of the oil film on the surface of 
segments of the thrust bearing on the hydraulic sup¬ 
port of the Irkutsk hydroelectric power plant and that 
of the thrust bearing mounted on the screw sup¬ 
port of the Dneprodzerzhinsk hydroelectric power 
plant. 

The temperature of oil flowing out from the seg¬ 
ment is relatively high and to prevent the next segment 
from the hot oil the thrust bearing should be provided 
with a device the purpose of which is to remove hot 
oil from the mirror surface or just to provide for a 
big large clearance between the segments. However 
it should be borne in mind that at low temperatures 
in the oil film and with the decrease of unit loads 
on the thrust bearing which govern the temperature 
of the oil film the friction losses will rise up considerably. 
For instance, in conformity with the data presented by 
the “Electrosila” works in the thrust bearing with a 
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Phc. 167. TeMnepaTypHbie iiojih Macjia- 
Hoii njieHKH Ha rH^pasjiH^iecKOH onope 
Ha Harpy3Ke 200 tc (HpKyTCKaa T3C): 
a — npn xojioctom xo/ie; 6 — npn Harpy3Ke 

Fig. 167. Temperature fields of oil film 
on hydraulic support for 2000 tf load 
(Irkutskaya hydroelectric power plant): 

a ■—no-load running; 6 — running under load 


Phc. 168. TeMnepaTypHBie nojin MacjiHHOH ruieH- 
kh o^HopH^Horo flByxcjioiiHoro no^nHTHHKa arpe- 
raTa c noBopoTHO-jionacTHOH Typ6nHOH moiuhoctbio 
44 tbic. kBt (JfHenpo^3epH<HHCKaH T3C) npn oce- 
bom padoueM AaBJieHHH Ha no/^iHTHHK 1600 tc: 

o — npa xojioctom xoae; 6 — npn HOMHHajitnoH Harpy3Ke 

Fig. 168. Temperature fields of oil of single-row 
double-layer thrust bearing of adjustable-blade 
hydraulic turbine of 44 thou kW capacity (Dne- 
prodzerzhinskaya hydroelectric power plant) with 
axial working pressure on thrust bearing of 1600 tf: 

a — no-load running; 6 —under rated load 




Me>K/ty ceraeHTaMH. OAHano npn stom Ha/jo hmctb b 
bhay, hto npn hh3khx TeMnepaTypax b MacjiHHOH njieH- 
Ke, a TaioKe npn chhjkchhh yAejibHbix Harpy30K Ha 
nOAIIHTHHK, OT KOTOpBIX 3aBHCHT TeMnepaTypa MaCJIH- 
hoh njieHKH, 3HannTejiBHo B03pacxaiOT noxepn Ha Tpe- 
Hne. Tan, HanpHMep, no AaHHBiM 3aBOAa „3jieKTpo- 
CHjia c c , Ha OAHHanoBBix rHApoarperaxax BojbkckoS 
T3C HMeHn B. H. JleHHHa b noAnHTHHKe c AByxpnA- 
hbim pacnono>KeHHeM cerMeHTOB npn yAejiBHOM Aasjie- 
hhh 40 Krc/cM 2 h b noAnHTHHKe c oahophahbiMh 
ceraeHTaMH npn yAejiBHOM AaBJieHHH 65 Krc/cM 2 
noTepn Ha TpeHHe cocTaBHjin cooTBeTCTBeHHO 587 h 
362 kBt. 

Pe3K>MHpy h Bee CKa3aHHoe o npoijeccax o6pa30Ba- 
hhh MacjiHHOH roieiiKH npn nycKe h coxpaHeHHH ee 
CTaOHJiBHoro 3HaneHHH npn pa6oxe arperaTa, mo>kho 
onpeAejiHTB rjiaBHBie (j)ai<TOpbi, BJinaiontHe Ha sth 
npoiteccBi. 3 th rjiaBHBie (JiaKTOpbi npn 3aAaHH0M 
AaBJieHHH ck jiaABiB aiOTCH H3 cjieAyiomero: raOapnTBi 
ceraeHTOB h bcjihhhhbi npoMe>KyTKOB Me>KAy coceA- 
hhmh ceraeHTaMH; KanecTBO HamraBKH 6a66nTa Ha 
ceraeHTBi 5 o6pa6oTKa pa6ounx noBepxHocTeii ceraeHTa 


two-row arrangement of segments with 40 kgf/cm 2 
specific pressure and in the thrust bearing with single¬ 
row segments and 65 kgf/cm 2 specific pressure the 
friction losses were 587 and 362 kW, respec¬ 
tively. 

Summing up all that has been said about the pro¬ 
cess of formation of the oil film during start-up and 
maintaining its stability during operation of the unit 
it seems possible to determine the main factors exert¬ 
ing influence upon the mentioned process. At the 
given pressure these main factors are composed of the 
following: dimensions of segments and clearances 
between adjacent segments; quality of babbit build-up, 
machining of working surfaces of segments and the 
runner and their antifriction properties; uniformity 
of load division between segments and ability to main¬ 
tain this uniformity; the optimum values of eccentri¬ 
city and equality of these values in all segments; 
rigidity, hardness and quality of machining of support¬ 
ing elements which in many respects define self-align- 
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H AKCKa H HX aHTH(j>pHKIJHOHHBie CBOHCTBa J paBHO- 
MepHOCTB pacnpeAejieHHH Harpy30K Me>KAy ceraeHTaMH 
h ctiocoShoctb coxpaHHTB 3T0 pacnpeAejieHHe; oirra- 
MajiBHoe 3HaneHHe bcjihhhh SKcnempHCHTera h paBeH- 
ctbo sthx 3HaueHHH Ha Bcex ceraeHTax; >KecTi<ocTb, 
TBepAOCTB h KanecTBo o6pa6oTKH onopHBix sjieMeHTOB, 
onpeAejimoHiHx bo mhotom caMoycTaHaBJiHBaeMocTB 
ceraeHTOB h coxpaHeHHe cxabHJibHOCTH pacnpeAejieH- 
hbix npn HanaAKe Harpyson Me>KAy otacjibhbimh 3Jie- 
MeHTaMH; bh 3 koctb h CMa3BiBaeMOCTb Macna; hhtch- 
chbhoctb HapacTaHHH cKopocTH BpaineHHH npn nycKe; 
HHTeHCHBHOCTB ox6opa Tenna ot TpynmxcH nap h 
K anecTBo neHTpHpoBaiiHH rHApoarperaTa b uacra bbi- 
BepKH SneHHH Ancna noAnnTHHKa. 

JJe4>opMaxjHH cerMeHTOB no aiihthii xca• B npo- 
necce paboTBi noAnHTHHKa i<a>KABiH ceraeHT noABep- 
raeTCH MexaunnecKHM h TenjioBBiM AecfjopMaijHHM. 

MexaHHnecKHe Aec^opMaijHH npoHBJiniOTCH b bhac 
H3rn6a Bonpyr Toneic onop noA B03AeHCTBHeM chji 
oceBoro AaBJieHHH, nepeAaBaeMoro ceraeHTaM nepe3 
MacjiHHyio nneHKy. IIo cpaBHeHHio c TennoBBiMH b 
o6ih,hx Ae4)opManHHX ohh oSbihho hmciot HanMeHB- 
myio cocTaBJiHiomyio. 

TennoBBie AefjJopMaijHH npeACTaBJiniOT co 6 oh cjio>k- 
hbih H3rn6 Kan no BBicoxe, Tan h b njiaHe H3-3a HepaB- 
HOMepHOCTH HarpeBa ceraeHTOB. 

t fHCJieHHoe 3HanenHe o6nien AecJiopMaAHH i<a>KAoro 
ceraeHTa 3aBHCHT ot ero raSapHTOB, yACJiBHBix Harpy- 
30K, HHTeHCHBHOCTH OTBOAa TeilJia, B3aHMOACHCTBHH 
MexaHHnecKHx h TenjioBBix AC(J)OpMaAHH h npyrnx 
(JiaKTOpOB. no OnBITHBIM AaHHbIM, A e 4)OpMailHH Cer¬ 
MeHTOB noAnHTHHKOB mApoarperaTOB Boji>kckoh T3C 
HMeHH XXII CBe3Aa Knee TaKOBBI, HTO HMeiOT 
CTpejiny nporn6a y oahocjiohhbix ceraeHTOB 0,075 mm 
h y AByxcjiOHHbix 0,04 mm. YMeHBmeHHe nporaba y 
AByxcjioiiHBix ceraeHTOB 06 bhchhctch hx cnoco6 - 
hoctbio BBipaBHHBaTbCH b npoijecce paSoTBI. 

Tanne AC(|)opManHH npHBOAnx k pe3K0My yBejrn- 
neHHio yAejibHbix AaBJieHHH Ha OTAejibHbix ynacrnax 
paSonefi noB epxHO cth ceraeHTOB. yMeHbmeHHH 

TennoBBix Ac4)opMau;HH npe3BBinaHHO Ba>KeH otboa 
T enjia ot pa6onen noBepxHOCTH ceraeHTOB. Hhtchchb- 
hoctb OTBOAa Tenjia 3HanHTejibHO B03pacTaeT c yBejra- 
neHHeM paccTOHHHH Me>KAy cmokhbimh ceraeHTaMH, 
a TaioKe npn jiymneM pa3ACJieHHH noTOKOB ropnnero 
h xojiOAHoro Macna b BaHHe h noABOAe xonoAHoro 
Macna b 30Hy pacnojiOHceHHH Ancna noAnnTHHKa. 
TeimoBBie AC(J)opManHH yMeHbinaiOTCH npn pa3AeJie- 
hhh KancAoro ceraeHTa Ha ABa cjioh, a TaioKe npn 
yMeHbineHHH rapaOnTOB ceraeHTOB. 

Eonee p aAHKajiBHBiM pemeHHeM OTBOAa Teima hbjih- 
eTCH npHMeHeHne b ceraeHTax Heno cp e actb eHHoro 
oxjia>KAeHHH nyTeM ycTaHOBKH hoa cnoeM 6a66nTa 
3MeeBHKa b BHAe AByx3axoAHOH cnnpajiH H3 MeAHbix 
Tpy6oK, nepe3 KOTopbie b nponecce paOoTbi nnpKy- 
jiHpyeT oxjia>KAaioinaH BOAa. Cimpajib He tojibko 


ment properties of segments and maintain the stability 
of loads shared between separate elements during 
adjustment; viscosity and lubricating property of the 
oil; start-up acceleration; rate of heat removal from 
friction surfaces and quality of unit alignment with 
regard to the runner run-out. 

Deformation of thrust bearing segments. In the 
process of operation of the thrust bearing each seg¬ 
ment is subjected to mechanical and thermal defor¬ 
mations. Mechanical deformations manifest themselves 
as buckling around the points of support under the 
effect of axial pressure transmitted by segments through 
the oil film. Compared to thermal deformations their 
component in total deformations is the least. 

Thermal deformations represent a complicated 
buckling both in height and in plan because of non- 
uniform heating of segments. 

The numeric value of total deformation of each 
segment depends on its dimensions, specific load, 
rate of heat removal, interaction between mechanical 
and thermal deformations and other factors. In con¬ 
formity with experimental data, deformations of the 
thrust bearing segments of the units installed at the 
Volga-river hydroelectric power plant named after the 
XXII Congress of the CPSU are such that buckling 
in single-layer segments is 0.075 mm and 0.04 mm in 
two-layer segments. A decrease of buckling in two- 
layer segments is explained by their capacity to be 
aligned during operation. 

Such deformations result in a sharp increase of 
specific pressure at separate sections of segment working 
surfaces. For the reduction of thermal deformations 
it is extremely important to remove heat from the work¬ 
ing surfaces. The rate of heat removal rises considerably 
with the extension of the distance between adjacent 
segments and with better separation of flows of hot 
and cool oil in the bath and the supply of cold oil to 
the zone of the runner. Thermal deformations decrease 
with separation of each segment into two layers as 
well as with decrease of segment dimensions. 

The more efficient solution of heat removal is the 
use of a direct cooling in the segments by mounting 
the coil under the babbit layer in the form of a two- 
way spiral made of copper tubes through which the 
cooling water circulates in the process of operation. 
The spiral is used not only for removal of heat from the 
upper layer but for the prevention of heat propagation 
from the upper layer to the downward one decreasing 
thereby deformation of segments (Fig. 166, c). 

The experience of operation of thrust bearings 
with direct cooling installed at the Khram hydroelec¬ 
tric power plant No. 2, Volga power plant named 
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Pnc. 169. KpHBbie pocTa TeMiiepaTypti 
cemeHTa npn nycne raApoarperaxa: 

1 — Ha paGoHeH noBepxHoeni; 2 — Ha TbiJibHOH 
HaCl'H 

Fig. 169. Curves of segment tempera¬ 
ture rise at unit start-up: 

J — on working surface; 2 — in rear section 


otboaht Tenjio ot BepxHero caoh, ho h npenHTCTByeT 
pacnpocTpaHeHHio ero ot BepxHero caoh k ocHOBamno, 
yMemmaH TeM caMbiM Ae(J)opMaitHio cerMeHTOB (cm. 
pnc. 166, b). 

OnbiT pa6oTbi hoahhthhkob c Henocpe^CTBeHHbiM 
oxjia>KAeHHeM 3 y ctuhob jieHHbix Ha XpaMCKOH T3C 
N° 2, Bojbkckoh T3C hmchh XXII CT>e3Aa KTICC h 
AP • 3 noATBepAHJi hx jiyquiyio pa6oTOcnoco6HOCTb. 
IIpH HOMHHaJIbHOH Harpy3Ke OHH HMeJIH cpeAHIOK) 
TOJiiAHHy MacjiHHOH njieHKH Ha 25 — 30% Bbirne, qeM 
y noAnHTHHKOB t3khx >Ke arperaTOB 6es HenocpeACT- 
BeHHoro oxjia>KAei-iHH cerMeHTOB, h 3HaqHTejibHO mchb- 
myio cpeAHIOK) TeMnepaTypy cerMeHTOB. 

PaccMaxpHBaH TenjioBbie A^c|)opMaiiHH cerMeHTOB h 
hx BpeAHoe bahhiihc Ha pa6oTy no ahhthhkob , cne- 
AyeT HMeTb b BHAy 5 hto npn Hen3MenHbix oKpy>Kaio- 
iahx ycnoBHHX TeMnepaTypa cerMeHTOB HopMajibHO 
paSoTaioiAHX hoahhthhkob noAHHMaeTCH ao ycraHO- 
BHBuiencH o6biHHO b TeneHne nepBbix 30—40 mhh 
nocjie nycKa rnApoarperaTa. IIpHMepHbiH rpa<f)HK pocra 
cpeAHHX TeMnepaTyp h pacnpeAeJieHHH hx no tojiiahhc 
cemeHTa nonasaH Ha pnc. 169. 


HeoSxOAHMO OTMeTHTB, HTO TepMOCOIIpOTHBJieHHH, 
KOTOpbiMH KOHTpojiHpyeTca TeMnepaTypa cerMeHTOB, 
noKa3biBaiOT TeMnepaTypy He noBepxHOCTHoro cjioh, 
a cjioh, oTCTOHmero ot noBepxHOCTH TpeHHH Ha 20— 
30 MM B 3aBHCHMOCTH OT rJiySnHbl yCTaHOBKH AaTHHKa. 
3tot HeAOCTaTOK npHBOAHT k TOMy, hto b hoaitht- 
HHKe, B CyiAHOCTH, HeT 3aiAHTbI, TaK KaK npn SbICTpOM 
noBbimeHHH TeMnepaTypbi noAHHTHHKa CHrHaji oSbinHO 
AaeTCH nocjie Toro, Kan cemeHTbi ynce noAnnaBHJiHCB. 


after XXII Congress of the CPSU and others confir¬ 
med their better serviceability. At the rated load the 
thrust bearings have average thickness of the oil film 
25—30% higher than those of the bearings of similar 
units without the direct cooling of segments and, 
moreover, the average temperature of the segments 
appears considerably lower. 

Considering thermal deformations of segments and 
their adverse effect on the operation of the thrust 
bearings it should be borne in mind that under stable 
environmental conditions the temperature of normally 
operating segments rises up to a steady state values 
within the first 30—40 minutes after the start-up of 
the unit. The approximate curve of rise of average 
temperatures and their distribution through the thick¬ 
ness of the segment are shown in Fig. 169. 

It should be noted that thermal resistance detectors 
which control the temperature of segments show the 
temperature spaced 20 to 30 mm from the friction 
surface depending on the depth of positioning of the 
transmitter rather than that of the surface layer. This 
disadvantage resides in the fact that in thrust bearings 
there is no protection and at a quick rise of tempera¬ 
ture of the thrust bearing the signal is sent after the 
segments have already been heated. 


lUABrciiH u cBi MmiioB noflnarmucA 

B 3aBHCHMOCTH OT yACJIBHblX H OCCBblX Harpy30K 
Ha noAnHTHHK k iiiafipeHHio ero cerMeHTOB npeA bhb- 
JIHIOTCH pa3JIHHHbie TpeSoBaHHH. 

OnbiTOM y ctuhob jieHO, hto cemeHTbi hoahhthhkob 
c oceBOH Harpy3Koii ao 400—500 tc npn yACJiBHOM 
AaBJieHHH ao 36 ktc/cm 2 Moryr 6bitb OTiiiaSpeHbi no 
3epKajibHOMy AHCKy 6e3 AonojiHHTeJiBHOH npnrpy3KH 
AHCKa bo BpeMH BpameHHH ero no cemeHTaM, KorAa 
npOBepHIOTCH TOHKH KacaHHH 6a66HT0B0H noBepxHOCTH 
k 3epKajibHoii noBepxHOCTH AHCi<a. 


SCRAPING OF THRUST BEARING SEGMENTS 

Depending on specific and axial loads on the thrust 
bearing different requirements are raised to the scrap¬ 
ing of the segments. 

On the basis of experiments if was found that the 
segments of the thrust bearings with an axial load 
up to 400—500 tf at a specific pressure up to 36 kgf/cm 2 
may be scraped on the mirror surface without additional 
loading of the runner during its rotation over the 
segments when the points of contact of the babbit 
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CerMeHTbi hoahhthhkob Ha oceByio Harpy3Ky 1500— 
2000 tc npn yAejibHOM a^bjichhh ao 50 ktc/cm 2 Heo6- 
xoahmo ma6pHTb no 3epKajiy, npnrpy>KeHHOMy bo 
B peMH noBopoTa BTyjiKOH noAnHTHHKa, jih6o btyakoh 
BM ecre c BajiOM reHepaTopa. 

CerMeHTbi noAnHTHHKOB yHHKajibHbix rHApoarpe- 
raTOB c oceBoii Harpy3K0H 6ojiee 2000 tc npn yAejibHOM 
AaBJieHHH CBbime 50 ktc/cm 2 b cymecTByiomHX koh- 
CTpyKAHHX TpeSyeTCH maSpHTB no 3epKajiy, npnrpy- 
H<eHHOMy bo BpeMH BpaineHHH poTopoM rHAporeHepa- 
Topa hah poTopoM Bcero THApoarperaTa. BnoAHe 
nOHHTHO, HTO 3TOT CnOC 06 BeCLMa TH>KeA H TpyAOeMOK, 
a noTOMy npn bhcapchhh 6onee coBpeMeHHbix koh- 
CTpyKAHH noAnHTHHKOB c OoAbniHM 3anacoM HaAOK- 
hocth 3tot cnocofi AOA>KeH ycrynHTb cBoe MecTO npe- 
AbiAymeMy npn Bcex bo3mo>khbix Harpy3Kax Ha noA- 
nHTHHK. 

IIpH aio6om cnocofie inafipeHHH 6 a 66 HT 0 Ban noBepx- 
hoctb cerMeHTOB AOA>Kiia 6 bitb noAmafipeHa no AHCKy 
TaK, htoSbi oTnenaTKH KpacKH 6 bijih paBHOMepHo pac- 
npeAeAeHbi no Been noBepxHOCTH 6 a 66 HTa h oSecnenn- 
BaAoct KacaHHe He MeHee OAHon-AByx ToneK Ha 1 cm 2 . 
Hanmnie AByx-Tpex otacalhbix He 6 om>niHx yqacTKOB 
C MeHbniHM HHCAOM TOUeK KacaHHH He 0 Ka 3 bIBaeT 
cynjecTBeiiHoro bahhhhh. 

IIocAe maSpeHHH Ha cerMeHTax HaAO CAenaTb 
nnaBHyio 3axoAHyio KpOMKy c bxoahoh cTopoHbi 6a66n- 
toboh noBepxHOCTH. Pa6ouyio noBepxHOCTb 3epKajib- 
Horo AHCKa nocne inafipeHHH cerMeHTOB hcoSxoahmo 
T iqaTeALHo OTnoAHpOBaTb, htoSbi Ha Heii He 6 biao 
HHK aKHX AapanHH H BMHTHH C OCTpbIMH KpaHMH. 

IIIaSpeHHe cerMeHTOB no HenpHrpyHceHHOMy 3ep- 
KantHOMy AHCKy npOH3Bo aht CAeAyioiAHMH cnocoSaMH. 
3epKaAbHbiH ahck yCTaHaB ahb aiOT Ha BbiKnaAKax hah 
K penHT k BTyAKe noAHHTHHKa TaK, HTo6bi ero paSonan 
noBepxHOCTb HaxoAHAacb BBepxy. 3aTeM, nepeMeman 
CerMeHTbi no OKpyncHOCTH AHCKa, CMa3aHHoro tohkhm 
CA oeM KpacKH, npoBepniOT CTeneHb KacaHHH pafionen 
HAO CKOCTbK) CerMCHTa 3epKaAbHOH nOBepXHOCTH AHCKa 
h niafipHT 6a66HTOBbiii caoh cerMema, npoBepna ero 
no AHCKy. ^Tofibi He AonycTHTb paAHaAbHoro nepeMe- 
hjchhh cerMeHTOB no AHCKy bo BpeMH npoBepoK, Ha 
hx rpaHHx no BHyTpeHHeMy h HapyncHOMy KomypaM 
3aKpen ahiot MeAHbie ynopbi. HHorAa Tanoe inaSpenne 
np OH3B OAHT C KOHTpOAeM ItyTeM BpaiAeHHH AHCKa no 
BceM cerMeHTaM (hah nacra cerMeHTOB), ycraHOBAeH- 
HblM Ha CBOHX MeCTaX B BaHHe. npH 3TOM OpraHHHH- 
TeAH ot paAHaJibHoro nepeMeiAeHHH cTaBHT Ha ahckc. 

IIIafipeHne cerMeHTOB no AHCKy, npnrpyjKeHHOMy 
BTyAKOH HAH.BTyAKOH BMeCTe C B3AOM, ACA3IOT npH 
noMoiAH cnennaAbHoro npncnocoOAeHHH, no3BOAHio- 
mero nedeAKOH hah KpaHOM BpainaTb BTyAKy. 3Ty 
pa6oTy BbinoAHHioT hah Ha cGopouHon nAomaAKe 
(pnc. 170), hah HenocpeACTBeHHo b KpaTepe ao onyc- 
KaHHH TyAa poTopa. HHorAa npn stom OAHOBpeMeHHO 
BbiBepHiOT h nepneHAHKyAHpHocTb pa6onen nnocKocTH 
3epKana k och Bana, o neM hoapoSho cnasaHO b § 5-9 h 
5-11. 


surface and the mirror surface of the runner are 
checked. 

The segments of the thrust bearing designed for an 
axial load of 1500—-2000 tf and a specific pressure 
of up to 50 kgf/cm 2 should be scraped on the mirror 
surface additionally loaded during the turning by the 
thrust bearing collar or by the hub together with the 
generator shaft. 

The segments of the thrust bearings of the unique 
units with an axial load more than 2000 tf and a spe¬ 
cific pressure over 50 kgf/cm 2 should be scraped on 
the mirror surface additionally loaded during the 
turning by the generator rotor or by the rotor of the 
whole unit. It is quite clear that this method is com¬ 
plicated and labour-consuming and therefore at the 
introduction of more up-to-date designs of thrust 
bearings with a higher safety margine this method 
shall be replaced by the preceding one with all possible 
loads upon the thrust bearing. 

With any method of scraping the babbit surface 
of segments shall be additionally scraped with respect 
to the runner so that imprints of paint are distributed 
uniformly over the entire surface of the babbit and not 
less than two or three contacts are provided over 
1 cm 2 . The presense of two or three small sections 
with less points of contact is of no practical significance. 

After scraping a smooth leading edge from the 
inlet side of the babbit surface should be made on the 
segments. The working surface of the mirror runner 
shall be thoroughly polished after scraping to avoid 
scratches and cavities with sharp edges. 

Scraping of segments on the mirror runner without 
additional load is effected in the following way; the 
mirror runner is positioned on liners or it is fixed to 
the collar so that its working surface is in the upward 
position. Then moving the segments around the peri¬ 
phery of the runner lubricated with a thin layer of 
paint, one should check the contact of the working 
surface of the segment and the mirror surface of the 
runner and then the babbit layer of the segment should 
be scraped and its position with respect to the runner 
should be checked up. To avoid radial movement of 
segments over the runner during check-ups, copper 
stops are to be fixed on their edges along the inner 
and outer contours. Sometimes such scraping is effec¬ 
ted with the check-up by rotation of the runner over 
all segments (or a part of segments) positioned in the 
oil bath. As this takes place, limiters of radial move¬ 
ment are positioned on the runner. 

Scraping of segments on the runner loaded addi¬ 
tionally with the collar or with the collar and shaft 
assembly is performed with the help of a special device 
which enables the collar to be rotated with a winch 
or a crane. This work is done either at the assembly 
floor (Fig. 170) or directly at the place of installation 
before lowering the rotor. Sometimes, as this takes 
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Phc. 170. IIpHcnocoOjieHHe ^jih maflpeHHH cer- 
MeHTOB nO^nHTHHKa H BMBepKH 6neHHH fljHCKa Ha 
cSopoHHOH njioma^Ke: 

1 -HHflHKaTOpfel 

Fig. 170. Device for scraping thrust bearing seg¬ 
ments and checking runner run-out at assembly 
floor: 

1 — dial gauges 


Phc. 171. Ycxpohctbo ajih no- 
BopoTa poTopa rHApoarperaxa 
(C TpeMH CepBOMOXOpaMH) 

Fig. 171. Device for turning 
the generator rotor (with three 
servomotors) 
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B CJiynae ma6peHHH cerMeHTOB no AHCKy, npnrpy- 
JKeHHOMy pOTOpOM, POTOP nOBOpaHHBaiOT KpaHOM HJIH 
jieSe^KOH, 3acTponjiHBaH TpocoM nepe3 6jiokh 3a 
TyMSti, npnBapeHHBie Ha cnnijax poTopa, jih6o c noMO- 
ntbio cneuinajiLHoro npucnocoSjieHHH c cepBOMOTO- 
paMH h xpanoBHKaMH, ycTaHaBjiHBaeMoro Ha Bajiy 
pOTOpa (pHC. 171), hjih >Ke boaoh, nponyci<aeMOH nepe3 
paSonee Kojieco TypSnHbi. 

B nocjieAHeM cjiynae HanpaBjiniomHH annapax MeA- 
jieHHo OTKpBiBaiOT h nocjie TporaHKH arperaTa c MecTa 
MrHOBeHHo 3aKpBiBaiOT. 3 to no3BOJiHeT pOTopy c/je- 
jiaTb ABa-TpH o6opoTa h HaHecTH oTncnaTKH tohck 
K acaHHH cerMeHTOB k AHCKy. Ilpn otom ahck CMa3bi- 
BaiOT TOHKHM CJIOeM Ba3ejIHHa HJIH JKHBOTHOrO >KHpa. 

OTKpbiTHe HanpaBJiaioiitero annapaTa npOH3BOAHTCH 
npn 3anoJiHeHHOH cnnpajiBHOH KaMepe h onyiiteimoM 
ntHTe Ha BOA03a6ope. 

IIojihbih npoitecc maSpeHHH sthm ciioco6om Tpe- 
6yeT ot rnecTH ao acchth Tannx nponpyTOK. 

JlyniHHx pe3yjiBTaTOB ma6peHHH AofoiBaiOTCH TorAa, 
KOrAa OHO OKOHHaTeJILIIO npOH3 b o ahtch nocjie HeKO- 
Toporo BpeMeHH paSoTti THApoarperaTa Ha xojioctom 
xoAy. B 3tom cjiynae nepeA maSpemieM nponcxoAHT 
npnpaSoTKa OTAejibHbix ojicmchtob conpnraeMbix onop- 
Hbix h onnpaiomHxcH nap. 

E. BMPABHHBAHHE HAFPySOIC MEJK^Y 
OTAEJlbXILIMH CEPMEHTAMII 

Harpy3KH MencAy cerMeHTaMH b jiioGbix KOHCTpyK- 
AHHX nOAnHTHHKOB BbipaBHHBaiOT nocjie BbIBepKH 
6hchhh Bajia reHepaTopa, a b HeKOTopbix cjiynaax, 
Aance nocjie cnapnBaHHa reHepaTopHoro Bajia c 
TypSHHHblM. 

B paccMOTpeHHbix KOHCTpyKijHHx HanSojiee paBHO- 
MepHO Harpy3KH pacnpeAejiaiOTCH Me>KAy OTAejibHbiMH 
cerMeHTaMH npn BbinojiHeHHH jxjih KancAoro THna noA~ 
naTHHKa onpeAejieHHoro nepenHa pa6oT. 

IIOflnHTHHKH C Iipy>KHHHMMH onopaMH. B nofl- 
nHTHHKe c npy>KHHHi>iMH onopaMH noA cerMemaMH 
nepefl y ct3hobkoh flHCKa cneflyeT OTTapraaTb npy>KHHbi 
h OTperyjiHpoBaTt BbicoTy onop BMecTe c cerMeHTaMH. 

npH TapnpoBKe H3MeHeHHeM CTeneHH Harara npy- 
h<hh ooecne'iHnaeTOi oAHHaKOBaa Be.'ii-nmira npoca^KH 
no;; Harpy3KOH, 6jih3koh k pafioueH. BnicoTy onopHon 
nacTH BMecTe c iroMioeiayioiqHAi ee cemeHTOM cne- 
flyer OTperyjiHpoBaTB npHMeHemieM npoKJiaflOK noA 
onopy hjih maiio no a npyjKHHbi. Kan npn TapnpoBKe, 
Tan h npn peryjinpoBKe Bbicomoro nojio>KeiiHH Aony- 
cthmw OTK.'ioiiemiH b npe;(c;iax -j- 5% BC.MiriHnbi npo- 
ca;iKH onopbi noA paooneii Harpy3KOH. 

nOAHHTHHKH C rHApaBJIHHeCKOH OIIOpOH. B T 3 KHX 

noAnHTHHKax 6;iaro;iap>i cncTeMe coofiinaioinuxcn cocy- 
Aob AaiijieuHe Ha Ka>K;ii>iii cerMeHT aBTOMaTHuecKH 
pacnpeAejineTCH paBHOMepHO. Pa3H0CTb b Harpy3Ke b 
3TOM Cjiynae onpeAejinerca: tojibko bjihhhhcm pa3H0CTH 


place, vertical alignment of the working surface of 
the runner with respect to the shaft axis is to be checked 
(see Sections 5-9 and 5-11). 

In case of scraping the segments on the runner loaded 
additionally with the rotor the latter is turned by a 
crane or a winch slinging with the cable through pulley 
blocks to the stands welded to the rotor spokes or 
with the help of a special device equipped with ser¬ 
vomotors and ratchets mounted on the rotor shaft 
(Fig. 171) or with water passed through the runner. 

In the latter case the wicket gate is opened slowly 
and after the unit starts moving it is closed instantly. 
It enables the rotor to perform two or three revolutions 
and to imprint the points of contact of the segment 
and the runner. In this case the runner is covered 
with a thin layer of vaseline or animal fat. The open¬ 
ing of the wicket gate is effected with a filled scroll 
case and a lowered gate at the water intake. 

The whole procedure of scraping by this method 
requires from six to ten operations as such. 

The results of scraping are better when this opera¬ 
tion is performed finally after no-load running of the 
unit for some time. In this case, separate elements of 
mating supports and supporting parts are allowed 
to run in. 


F. LOAD DIVISION BETWEEN SEPARATE 
SEGMENTS 

In any design of the thrust bearing the load is 
shared between segments after the adjustment of the 
generator shaft run-out and in some cases it is done 
after coupling the generator and turbine shafts. 

In the above-considered designs the loads are sha¬ 
red between separate segments most uniformly after 
the specified complex of operations for the given 
type of the thrust bearing is performed. 

Thrust bearings with spring supports. In a thrust 
bearing with spring supports under the segments the 
springs shall be calibrated before installation of the 
runner and the height of supports together with the 
segments shall be adjusted. 

During calibration by stretching the springs the 
camber under the load should be similar and close 
to the working value. The height of the supporting 
part together with the relevant segment shall be adjus¬ 
ted by the use of shims placed under the support or 
washers under the springs. During calibration and 
adjustment of the vertical position the permissible 
deviations of the camber under the working load 
should be within ±5%. 

Thrust bearings with hydraulic supports. In this 
type of thrust bearings the pressure upon each segment 
is uniformly shared automatically due to the system 
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npeABapHTejibHoro c>KaTHH i<a>KAoro cHAb(|>OHa. Iloa- 
TOMy, htoSbi oSecnenHTb Han6ojiee paBHOMepHoe pac- 
npeAeJieHHe Harpy 3ok mokay cerMeHTaMH, hco6xoahmo 
oTperyjinpOBaTb BbicoTHoe nojio>KeHHe onopHbix BHH¬ 
TOB, C TeM, UTOfibl nOAyUHTB npaKTHHeCKH OAHHaKOBOe 
OKaTHe Bcex chab(|)ohob. 

BbicoTy npocaAKH chalcIiohob peryjinpyiOT H3Me- 
HeHHeM BbICOTbl onopHbix BHHTOB H npOBepHIOT HHAH- 
KaTopaMH. OnbiT noKa3aji, hto b npocaAKe He3anon- 
HeHHbix MacjioM chjib cJjohob npH aarpy3Ke BxyjiKoii 
noAnHTHHKa AonycxHMa pa3HOCTb 0,5—0,8 mm. 

IloAnHTHiiKH Ha SanaHCHpHMX pbraancHHx 
onopax. y3Jibi Tanoro noAnHTHHKa, CAenaHHbie b 
npeACJiax A°nycKOB Ha H3roTOBJieHne, Ha MOHTa>Ke 
OTAejibHOH peryjiHpOBKe He noABepraiOTCH, TaK nan 
BbICOKaH HyBCTBHTeJIbHOCTb BblpaBHHB aiOHjeH CHCTeMbI 
axoro noAnHTHHKa oOecnenHBaeT paBHOMepHoe pacnpe- 
AejieHHe Harpy30K Me>KAy cerMeHTaMH. 

IToahhthhkh Ha bhhtobmx onopax. B noAnHTHH- 
Kax c bhhtobmmh onopaMH, b KOTOpbix ynpyrae Ae- 
(JjopMaAHH TapejiOK cpaBHHTe jibho hcbcahkh (0,6 — 
0,7 mm), pacnpeACJieHHe Harpy 30K Me>KAy cerMeHTaMH 
BecbMa Ba>KHO, ocodemio b cjiyuanx npHMeHeHHH 
TaKHX noAHHTHHKOB Ha fioALiune oceBbie h yAejibHbie 
Harpy 3 kh. 

Y rHApoarperaTOB c oceBbiMH h yACJibHbiMH Harpy3- 
KaMH He Sojibine 2000 tc h 50 ktc/cm 2 cooTBeTCTBeHHO 
Harpy3KH Me>KAy cerMeHTaMH pacnpeACAHiOT oObihho 
paBHOMepHOH hoaOhbkoh cerMeHTOB, npnrpyjKeHHbix 
poTopOM rHApoarperaTa. Tanoe oTHOCHTejibHo paBHo- 
MepHoe HarpynceHHe na>KAoro cerMeHTa AOCTHraeTCH 
noonepeAHbiM noA>KaTHeM ynopHoro BHHTa noA cer- 
MeHTOM H npOBepKOH OTKJIOHeHHH BaJia y TypSHHHOrO 
noAHinnHHKa no A^yM HHAHKaTOpaM, yCTaHOBjieHHbiM 
noA yrjiOM 90° . Ilpa 3tom KpHTepneM aha npeKpameHHH 
no ATHrHB aHHH BHHTa CJiy>KHT OTKJIOHeHHe CTpeJIKH 
HHAHKaTOpa Ha oaho A^JieHHe, T.e. Ha 0,01 mm. 
JJah oOecneneHHH jiynmero KauecTBa sthx paOoT 
cerMeHTbi noonepeAHO noA^HBaiOT ofibiuHO 3a A^a-TpH 
Kpyra. 

Ha noAnHTHHKax yHHKaJibHbix THApoarperaTOB c 
OojibniHMH oceBbiMH h yAejibHbiMH Harpy3KaMH Harpy3- 
kh Me>KAy cerMeHTaMH pacnpeACJiHioTCH paBHOMep- 
HbiM noAHcaTHeM npnrpyjKeHHbix cerMeHTOB KjnonaMH 
c AHHaMOMCTpaMH hjih peryjiHpOBKOH BbicoTHoro nojio- 
HceHHH Gojitob 6 e3 Harpy3KH h npOBepKOH HHAHKaTO- 
paMH HAH TeH30MeTpaMH HanpH>KeHHH B TapeAKaX npH 
Harpy3Ke noAnHTHHKa pOTOpOM. Kaioh, oOopyAOBaH- 
HbiH THApoAOMKpaTOM, CBoero poAa A^naMOMeTp, noi<a- 
3 aH Ha pHC. 172. TaKHM kaiohom b npeAenax pa3H0CTH 
conpoTHBAeHHH xpeHHio b pe3b6e MO>KHO AoOHTbCH 
OAHHaKOBOH npnrpy3KH Kan<Aoro cerMeHTa. CreneHb 
HaTHra npH stom peryAHpyeTCH a^bachhcm b thapo- 
AOMKpaTe. 

HanpHAceHHH b onopHbix TapeAKax npOBepaiOT h 
peryAHpyiOT hh AHKaTOpaMH. BnanaAe Ha npecce (pnc. 


of communicating vessels. In this case the difference 
in the load is dictated by the difference of preliminary 
compression of each bellows. Consequently, for the 
most uniform division of loads between segments it 
is necessary to adjust the vertical position of the sup¬ 
porting screws to obtain practically equal compression 
of all bellows. 

The height of bellows camber shall be adjusted 
by the change of the height of the supporting screws 
and this adjustment is checked up by indicators. The 
experience shows that in the camber of the bellows 
not filled with oil and under the load of the collar 
the permissible difference is 0.5—0.8 mm. 

Thrust bearings on lever equalizers. The elements of 
the thrust bearing of this design made within the 
working tolerances are not adjusted during installation 
because their high sensitivity is equalized by the given 
system which ensures a uniform division of loads 
between segments. 

Thrust bearings on screw supports. In thrust bearings 
with screw supports where elastic deformations of 
disks are relatively small (0.6—0.7 mm) division of 
loads between segments is of high importance parti¬ 
cularly under high axial and specific loads. 

In hydropower units with axial and specific loads 
of not more than 2000 tf and 50 kgf/cm 2 , respectively, 
the loads are usually shared between segments by the 
uniform lining of segments loaded with the unit rotor. 
This relatively uniform loading of each segment is 
achieved by one-by-one tightening of the support screw 
under the segment and by the check-up of deviation 
of the shaft at the turbine bearing with the aid of two 
dial gauges mounted at an angle of 90°. As this takes 
place, the criterion of the end of tightening of the 
screw is the deflection of the dial gauge pointer through 
one division, i.e. 0.01 mm. For better quality of this 
operation the segments are lined in turn and usually 
in two or three rounds. 

In thrust bearings of unique hydropower units 
with high axial and specific loads the loads are uni¬ 
formly charged between segments by tightening the 
loaded segments with wrenches provided with dynamo¬ 
meters or by adjusting the vertical position of the 
bolts at no load and by check-up with dial gauges or 
strain gauges measuring stresses in the disks at loading 
of the thrust bearing with the rotor. A wrench equipped 
with a hydraulic jack (like dynamometer) is shown 
in Fig. 172. This wrench may provide for a similar 
loading of each segment within the limits of difference 
of friction resistance in the thread. The tightness in 
this case is adjusted by the pressure in the hydraulic jack. 
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Phc. 172. Kjiiou c ratfpo/jOMKpaTOM: 

1 — aepJKaTejn.; 2 — ynop cTOJia noflriHTHHKa; 3 — ynop- 
HaH njiaHKa; 4 — ruflPOflOMKpaT 5 -tohhkih ; 5 — ManoMeTp; 
6 — Kopnyc noAnHTHHKa; 7 — onopHtiii 6ojit 


Fig. 172. Wrench with hydraulic jack: 

1 — holder; 2 — thrust of thrust bearing table; 3 — thrust 
plate; 4 — hydraulic jack, 5 t; 5 — pressure gauge; 

6 — thrust bearing body; 7 — support bolt 



Phc. 173. TapHpoBKa onopHbix TapenoK Ha 
200-tohhom npecce (a) h upoBepna Harpy3- 
kh Ha cerMeHT npH nofldHBKe onopHbix bhh¬ 
tob ( 6 ): 

1 — paMa rHAPonpecca; 2 — ynop; 3 — crep^em.; 
4 — HHAHKaTop; 5 — peryjiHpoBonHbin Gojit ; 6 — 
njima; 7 — nopmern. ruAponpecca; 8 — 3epKajio 

nHTbi; 9 — cerMeHT noAnHTHHKa; 10 — 6ojit npH>KHM- 
hoh ; 11 — njiaHKa; 12 — HHAHKaTop; 13 — erep- 

H<eHb; 14 — onopHan Tapenna cerMeHTa; 15 — pe- 
ryjiHpOBOHHbm 6 ojit noAnHTHHKa; 16 — ctoji noA¬ 
nHTHHKa 


Fig. 173. Calibration of support disks in 
200 t press (a) and check-up of load upon 
segment when tightening support screws ( 6 ): 
1 — hydro-press frame; 2 — stop; 3 — rod; 4 — dial 
gauge; 5 — adjusting bolt; 6 — plate; 7 — hydropress 
piston; 8 — mirror surface; 9 — thrust bearing seg¬ 
ment; 10 — hold-down bolt; 11 — plate; 12 — dial 
gauge; 13 —rod; 14 — support disk; 15 — thrust 
bearing adjusting bolt; 16 — thrust bearing table 


<*) 


s) 





Phc. 174. Tpa^HK TapnpOBKH 
onopHbix TapenoK noflnnTHH- 
Ka. Ifnc}>paMH o6o3HaueHbi ho- 
Mepa cerMeHTOB 

Fig. 174. Calibration curve of 
thrust bearing support disks 
Numerals show numbers of 
segments 


173, a) TapHpyiOT onopHBie TapeAKH h cmmaiOT rpa- 
cJjhkh 3aBHCHMOCTH npornfioB ot Harpy3KH. 3th rpa- 
4>hkh AJm Bcex TapeAOK np cactubahiot oSbihho nynoK 
npHMtix, KOToptie xapaKTepH3yiOT accctkoctl ku>kaoh 
H3 onopHbix TapenoK (pnc. 174). IIpH TapupoBKe 


Stresses in the supporting disks are checked up and 
adjusted by dial gauges. First the support disks are 
calibrated in the press (Fig. 173, a) and then camber 
versus load curves are plotted. Usually for all disks 
these curves are a bundle of straight lines which charac- 
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OAHoro KOMiuieKTa TapejioK ruApoarperaTa BpaTCKOH 
F 3 C oKa3ajioci» 3 hto jkcctkoctb hx 3i-iauHTejiBHo KOjieS- 
JieTCH 3 nosTOMy AaHHbie TapnpoBKH yHHTBiBanH npn 
OKOHHaTejIBHOH nOA^HBKe onopHbix bhhtob. 

J^jih npOBepKH nporafia onopHbix TapejioK, a cjie- 
AOBaTejibHO h Harpy3KH Ha Ka>KAfciH: cerMeHT, k Ka>K- 
AOH onopHoii TapejiKe 14 (pnc. 173, 6) npHBapHBaiOT 
cyxapb c pe3b6oH, Ky^a BBepTbiBaiOT CTepHcem 13 rjik 
KpeiuieHHH HHAHKaTopa 12. K cerMemy 9 npHBepTbi- 
BaioT njiaHKH 77, b KOTOpbie ynHpaeTCH Ho>Ki<a hhah- 
Katopa, CTpejiKH hh ahkutopob nepeA OKOHuaTejibHOH 
peryjiHpOBKOH HarpysKH ycraHaB JiHBaioT b HyneBoe 
nojio>KeHHe. IIpH stom cerMeHTbi He npnrpy>KeHbi, 
Tan Kan poTop noAHHT Ha T0pM03Hbix rn ap o aomkp aTax. 
ITocjie 3Toro poTop onycKaiOT Ha noAnnTHHK h npoBe- 
pHiOT noi<a3aHHH HHAHKaTopoB, no pe3yjibTaTaM koto- 
pbix c yneTOM >kcctkocth k3>kaoh TapejiKH OKOHua- 
TejibHO noATHrHBaiOT cerMeHTbi. Ecjih noATH>KKa c 
npnrpy3K0H 3aTpyAHeHa, to poTop noAHHMaiOT Ha 
T0pM03HbIX AOMKpaTax. 

PeryjinpoBKa 3aKaHUHBaexc n b tom cjiynae, ecjin 
c yneTOM jkcctkocth TapejioK Harpy3KH Ha na>KAbiH 
cerMeHT np aKTHnecKH OAHHaKOBbi hjih OTJiHuaiOTCH 
OAHa ot Apyroii He 6ojiee ueM Ha 10%. OTAeJibHbie 
BHHTbi npn npoBepne TeH30MeTpaMH peryjiHpyioT TaKHM 
me cnocoSoM. 

CaM npoijecc npoBepKH TeH 30 MeTpaMH cboahtch k 
H 3 MepeHHHM COnpOTHBJieHHH npOBOAHHKOB, HaKJieH- 
BaeMbix Ha Tapejiny TeH 30 AaTUHK 0 B, KOTopoe b 3 aBH- 
CHMOCTH OT AC(J)OpMaAHH TapeJIKH MeHHeTCH. BeJIH- 
HHHbl H 3 MeHeHHH COnpOTHBJieHHH COnOdUBJIHIOT C 
AaHHbIMH TapHpOBKH. 

CjieAyeT otmcthtb, hto TeH 30 AaTUHKH ofijiaAaiOT 
OHeHb BbICOKOH HyBCTBHTeJIbHOCTbK), Tan hto Majiefi- 
HIHe OTKJIOHeHHH B paCCTOHHHHX OT och TapejiKH npn- 
BOAHT K 3 HaHHTeJIBHbIM HSMeHeHHHM nOKa 3 aHHH. 

IIoAnHTHHK c pacnojiottceHHeM cerMCHTOB Ha 
ynpyrHX mail 6 ax. B TaKOM rane noAnnTHHKOB bbi- 
coTHoe nojio>KeHHe cerMeHTOB peryjiHpyioT 3 a cueT 
paBHOMepHoro hx npnmabpHBaHHH hjih npoKJiaAOK, 
ycraHaBjiHBaeMbix noA inanGbi. IIpoBepKy npn stom 
npoH 3 BOAHT Bpam;eHHeM Ancna no cerMeHTaM Ha ocho- 
BaHHH HOAIIHTHHKa. 


ac. OKOH*IATEJIEHA$I GBOPKA 
nOflnMTHHKA H MACJIflHOH BAHRU 

IIoAnHTHHK H MaCJIHHyK) B 3 HHy OKOHHaTejIBHO CO 0 H- 
paiOT nocne Toro, nan 3 aK 0 HuaT BbipaBHHBanne Harpy- 
30 K Me>KAy cerMeHTaMH, KOTopoe, Kan yme 6 bijio CKa- 
3 aH 0 , BbinojiHHeTCH nocne ijeHTpHp ob aHHH Bana rHApo- 
reHepaTopa, a nacro Aa>Ke nocjie cnapHBaHHH BajioB h 
BbIBepKH HX oSmeH JIHHHH. IIpH 3 T 0 M AO p eryjIHpOBKH 
Harpy 3 KH Ha cerMeHTbi BaHHa AOJi>KHa 6 mtb onnineHa 
ot nbuiH h rpH 3 H, a pa 6 onne noBepxHOCTH cerMeHTOB 


terize the rigidity of each support disk (Fig. 174). 
When calibrating one set of disks of the unit of the 
Bratsk hydroelectric power plant it was found that 
the rigidity of the disks varies greatly and therefore 
the calibration data were taken into account at final 
lining of the supporting screws. 

For the check-up of the camber of the supporting 
disks and, consequently, the load on each segment, 
each disk 14 (Fig. 173, 6) is welded to a block with a 
thread to receive rod 13 for fixing dial gauge 72. Cleats 
77 supporting the dial gauge leg are screwed to segment 
9. Prior to a final adjustment of the load the pointers 
of the dial gauges are set to zero. In this case the seg¬ 
ments are not loaded because the rotor is jacked up. 
After that the rotor is lowered down on the thrust 
bearing and the dial gauge readings are taken. On 
the basis of the obtained readings and taking into 
account the rigidity of each disk the segments are 
finally tightened. If tightening with loads appears 
difficult, the rotor is jacked up. 

The adjustment terminates if the load on each 
segment (taking into account the rigidity of the disk) 
is practically equal or differs not more than by 10%. 
Separate screws are adjusted in much the same way 
when checking with strain gauges. 

The process of check-up with strain gauges resides 
in measuring the resistance of conductors glued to the 
disk of strain gauges which varies with deformation 
of the disk. Values of resistance change are compared 
with the data of calibration. 

It should be noted that strain gauges are very sensi¬ 
tive and the slightest deviation in distances from the 
disk brings about changes in readings. 

Thrust bearings with segments on elastic washers. 
In this type of thrust bearings the vertical position of 
segments is adjusted by their uniform scraping or 
through liners positioned under the washers. The 
check-up is effected by rotation of the runner on the 
segments on the base of the thrust bearing. 

G. FINAL ASSEMBLY OF THE THRUST 
BEARING AND THE OIL BATH 

The thrust bearing and the oil bath are assembled 
finally after the division of loads between segments 
which, as it was mentioned, is done after the alignment 
of the generator shaft and often after coupling the 
shafts and their alignment. Before the adjustment of 
loads on segments the bath shall be cleaned of dust 
and dirt and working surfaces of segments and the 
runner shall be washed with alcohol or aviation gasoline. 
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H AHCKa npOMBITbl CnHpTOM-peKTH(J)HKaTOM HJIH aBHa- 
6eH3HHOM. 

B noAnHTHHKax 6e3 npHHyAHTeJiBHoro noABOAa Macjia 
k cerMeHTaM hcoSxoahmo nepeA 3aKpbiraeM BaHHbi 
HaHecTH Ha pafionne noBepxHOCTH A^CKa h cerMeHTOB 
cjioh MeAHAHHCKoro Ba3ejiHHa hjih npecHoro cBHHoro 
>KHpa (npn OKpyHcaiomeH TeMnepaType Bbirne 20°C 
AonycTHMO npHMeHeHHe npecHoro SapaHBero hjih tobh- 
>KBero >KHpa), HTofibi ofijieruHTB o6pa30BaHne MacjiHHon 
njieHKH BO BpeMH nepBoro nycna, KorAa TpymnecH 
noBepxHOCTH eme He npnpafioTaHbi. 

B noAnHTHHKax Ha bhhtobbix h thap aB jihhcckhx 
onopax onopHbie bkhtbi pacKOHTpHBaiOT cneijHajib- 

HblMH KOHTpHIAHMH BHJIKUMH C IjeJIbK) npeAOTBpaTHTB 
caMOOTBepTbiBaHHe. YcraHaBJiHBaeMbie Me>KAy cerMeH¬ 
TaMH OrpaHHHHTeJIH AOJI>KHbI HMeTb fioKOBbie H BepTH- 
KajibHbie 3a30pbi Me>KAy ceraeHTOM h orpaHHHHTeJieM, 
npeAycMOTpeHHbie npoeKTOM, hjih otkjiohhtbch ot 
hhx He 6ojiee ne m Ha ±2 mm. AScojiioTHan BejinunHa 
3a3opa He AO^^< Ha 6 bitb Merome 1 mm. 

TTmck no oTHOineHHio k cerMeHTaM aojijkch 3aHH- 
MaTb KOHAeHTpHHHOe nOJIOJKeHHe HJIH HMeTb OTKJIO¬ 
HeHHH, He npeBbimaiomHe 0,1% ot AnaMeTpa, ajih 
AHCKOB C Hapy>KHbIM AHUMeTpOM A° 1000 MM H 0,065% 
AJih ahckob Gojibmero A^aMeTpa. 

HeKOHAeHTpHHHocTb BbiropoAKH oTHOCHTejibHO Bajia 
AonycTHMa b npeACJiax 20% ot 3a30pa. nepeA 3aKpbi- 
TneM BaHHbi ycTaHOBJieHHbie b Hen MacjiooxjiaAHTejiH 
BMecTe c noABOAHiAHMH TpyfionpoBOAaMH aojijkhbi 
SbITb THApaBJIHHeCKH HCnbITaHbl HCnblTaTeJIbHblM AaB- 

jieHHeM b TeneHne 1 n . 

B noAnHTHHKax c npm-iyAHTeJibHOH noAaneH Macjia 
k cerMeHTaM nepeA 3aKpbiTHeM BaHHbi hcoOxoahmo 
H cnbiTaTb MacjionoAaiomyio cncTeMy MaKCHMajibHO B03- 
MOHCHbiM AaBJieHHeM ao MOMeHTa npocauHBaHHH Macjia 
H 3 3 a 3 opoB Me>KAy akckom h cerMeHTaMH. B MarH- 
CTpajiH ot Hacoca a° cerMeHTOB npn stom He aoji>kho 
6brrb HHKaKHX npoTeneK. OOparabie KJianaHbi Macjio- 
noAaiorqero ycTponcTBa HcnbiTbisaiOT ao ycraHOBKH 
hx b BaHHy. 

IIoCJieAHHMH nepeA 3aKpbITHeM JIIOKOB H KpbllHKH 
BaHHbi yCTUHaBJIHBaiOT TepMOKOHTpOJIb H npOBepHIOT 
H30JIHAHK) OT TOKOB OyKO. 

TepMOCOnpOTHBJieHHH H TepMOCHrHaJIH3aTOpbI, 
npeAna3HaneHHbie ajih ycraHOBKH b cerMeHTbi h Mac- 
jiHHyio BaHHy, CjieAyeT npoBepmb h npoTapnpOBaTb b 
jiafiopaTOpHH, a rHe3A a a^h hhx TmaTejibHO nponncTHTb, 
npoBOAKy b npeACJiax BaHHbi CACJiaTb npOBOAOM c 
MaCJIOCTOHKOH H30JIHU,HeH H HaAOJKHO npHKpeilHTb K 
HenoABH>KHbiM nacTHM BaHHbi. IIpoBOAa c TepMOAaT- 
HHKOM HaAO COeAHHHTb TOpHHeH naHKOH, oOecneHHB 
XOpOUIHH KOHTUKT H AOCTaTOHHyiO npOHHOCTb. 

Ilocjie BbinojiHeHHH Bcex pa6ox b npeACJiax BaHHbi 
HeoSxoAHMO eme pa3 nposepHTb conpoTHBJieHHe ycTa- 
HOBJieHHOH B BaHHe H30JIHAHH OT TOKOB OyKO: OHO He 
AOJBKHO 6biTb MeHee 0,3 MOm. YfieAHBinHCb b xopo- 
ineii h30jihahh, BaHHy 3aKpbiBaiOT h 3anojiHHioT 
MaCJIOM. 


In thrust bearings without forced oil supply to 
segments before closing the bath it is necessary to 
apply a layer of medical vaseline or animal fat to 
working surfaces of the runner and segments (when 
the ambient temperature is above 20°C it is allowed 
to use beef fat or sheep’s fat) to facilitate the formation 
of the oil film during the first start-up when the working 
surfaces are not yet run in. 

In thrust bearings on screw and hydraulic supports 
the support screws shall be locked by special locking 
appliances to avoid their self-loosening. The limiters 
positioned between the segments should be provided 
with side and vertical clearances between segments 
and limiters or may have deviation of not more than 
±2 mm. The absolute value of the clearance should 
be less than 1 mm. 

The runner should be concentric with respect to 
the segments or may have a deviation not exceeding 
0.1% of the diameter for the runners of outer dia¬ 
meters up to 1000 mm and 0.065% for the runners 
of larger diameters. 

Non-concentric position of the shield with respect 
to the shaft is allowed within 20% of the clearance. 
Before closing the bath the oil coolers and supply 
pipings shall be tested hydraulically for an hour. 

In thrust bearings with forced oil supply to segments 
before closing the bath it is necessary to test the oil 
supply system at a maximum possible pressure up to 
the moment of oil leakage from the gaps between the 
runner and segments. There should be no oil leakage 
in the line between the sump and segments. Non¬ 
return valves of the oil supply device shall be tested 
before mounting in the bath. 

Instruments of thermal control are the last to be 
mounted before hatches and covers are closed and at 
the same time the insulation between bearing shells 
and the shaft journals is to be checked. 

Thermal resistances and thermal detectors designed 
to be mounted in segments and in the oil bath shall 
be checked up and calibrated in the laboratory; the 
jacks shall be thoroughly cleaned; the wiring in the 
bath shall be with oil-resistant insulation and shall 
be fixed to immovable parts of the bath. The leads 
of the thermal detectors shall be connected by hot 
soldering and a proper contact and strength shall 
be provided. 

After the completion of all operations in the bath 
of the insulation resistance between the bearing shells 
and the shaft journal shall be checked once again. 
It should not exceed 0.3 MOhm. The results of check-up 
being adequate, the bath may be closed and filled 
with oil. 


301 



































5-9- BbIBEPKA 

nEPnEHAHKyjlHPHOCTH OCH 
BAJIA K nJIOCKOCTH 
TPEHHH HOftllHTHHKA 

A* OEHJHE 3AMI5MAHIIH 

IlepneHflHKyjiHpHOCTb och Bajia k padoueH njioc- 
kocth AHCKa no^nnTHHKa mo>kho BbiBepHTB Ha c6o- 
POhhoh njiomaAKe, HcnojiB3yn Rim 3Toro cneijiiajiBHoe 
npHcnocobjiemie, noAo6noe ormcaHHOMy BBirne (puc. 
170), jih 6 o Henocpe^cTBeHHo b KpaTepe arperaTa. Bo 
BTOpoM cjiyuae sto AeJiaeTCH a o hjih nocjie cnapHBaHHH 
Bajia THAporeHepaTopa c BajioM ruApOTypOnHbi . Ilpn 
cnapeHHbix Bajiax nepneHAHKyjiHpHOCTB BbiBepneTCH 
TOHHee, Tan na k onopa noAnnTHHKa noA AencTBHeM 
nojiHoro rpy3a 3aHHMaeT nojio>KeHHe, 6jiH3Koe k pa6o- 
neMy 5 nocKOJiBKy BbiOpaHbi Bee cjiaSnHbi, KOTopbie 
HHane MoryT Aa^aTB nepeMeHHbie 3HaneHHH Ae<j)op~ 
MaijHH onopHbix HacTeii. Kpoivie Toro, npn paijHOHajiB- 
hom pacnpeAejieHHH 6neiiHH Bajia, Bbi3biBaeMoro He- 
nepneHAHKyjiHpHocTBio miocKOCTH noAnHTHHKa k och 
B ajia h H 3 JIOMOM och Bana bo (J>jiaHAeBOM coeAHHeriHH, 
HeKOTopbie npoMe>KyTOHHbie paOoTbi MoryT 6 bitb hc- 
KJIIOHeHbl. 

OAHaKO CJieAyeT SaMeTHTB, HTO BbiBepHTB TaKHM 
cnocoOoM nepneHAHKyjiHpHocTB njiocKOCTH noAnnTHHKa 
k och Bajia y rnApoarperaTOB c p a Ana JiBHo-oceB oh 
THA poxypOnHOH He npeACTaBJineTCH B03M0>KHbiM, Tan 
nan OneHHe Ha KOHije Bajia arperaTa Hacro bbixoaht 3a 
npeAejibi HMeioujuxcH y TaKHx arperaTOB 3a3opoB no 
paSoneMy KOJiecy h jiaSnpHHTaM . 

BbiBepHTB Oneroie (hJiamja Bajia reHepaTopa, Bbi3bi- 
BaeMoe HenepneHAHKyjiHpHocTBio och Bajia k mioc- 
kocth TpeHHH noAiiHTHHKa, mo>kho no HHAHKaTOpaM 
hjih no CTpyHaM. IIocjieAHHH cnoco6 cjio>KHee h Tpe- 
SyeT OojiBinero BpeMeHH, a noaTOMy ero He npHMeHHiOT. 

B. BblBEPKA BHEHHH BAJIA 
rilftPOrEHEPATOFA ftO CnAPHBAHIiJI 
EfO C BAJIOM rHftPOtVPBHHM 

OnpeAejieHHe BejiHHHHbi Ghchhh sajia. Ilpn onpe- 
AejieHHH BejiHHHHbi SneHHH Bajia rHAporeHepaTopa no 
HHAHKaTOpaM h myny 3a ncxoAHyio 6a3y oObihho 6epyT 
4>Jiai-ieA Bana raApoTypbHHbi, kotopbih iteHTpnpyiOT, 
Kan npaBHjio, cpa3y nocjie ycraHOBKH ero b KpaTep, 
a 3aTeM bhobb npoBepnioT nepeA BbiBepKOH OneHne 
Bana rHAporeHepaTopa. B stom cnyuae Ban rHAporeHe- 
paTopa 3a cneT ropH30HTajiBHbix h BepTHKajiBHbix 
nepeMemeHHH Ha noAnHTHHKe hjih BMecre c rpy30- 
Hecymen KpecTOBHHOH ycraHaBJiHBaioT b hcxoahoc 
nojiojKeHHe, npn kotopom b npeAejiax AonycKOB Ha 
np eABapHTejiBHoe ijeHTpHpoBaHHe coBMemaioTCH och 
o 6 ohx BajiOB, a iijiockocth conpn>KeHHH c^jiaimeB 
pacnojiaraiOTCH napajuiejibHO. Ilpn TaKOM npeABapn- 
TeJIBHOM AeHTpHpOBaHHH OTKJIOHeHHH oSblHHO AOItyC- 
KaiOTca b npeAejiax: 0,1—0,2 mm no napajmejiBHocTH 


5 $. CHECKING THE SHAFT AXIS 
LOR VERTICAL ALIGNMENT 
WITH THE THRUST REARING 
FRICTION SURFACE 

A* GENERAL 

The vertical alignment of the shaft axis to the 
working surface of the thrust bearing runner can be 
checked up at the assembly floor using a special arran¬ 
gement similar to that described above (Fig. 170) or 
directly in the unit pit. It the latter case, this can be 
done either before or after the turbine and generator 
shafts are coupled. When checking with the shafts 
coupled, the results are more accurate because the thrust 
bearing support assumes an almost working position 
under the effect of full load since all backlashes and 
plays are compensated for though otherwise they 
would bring in variable strains of supporting members. 
Besides, with a reasonable distribution of the shaft 
run-out caused by vertical misalignment between the 
thrust bearing surface and the shaft axis and angularity 
of the shaft axis at the flange joint some auxiliary 
jobs can be eliminated. 

It should be pointed out, however, that with a 
Francis turbine such a check-up method is not feasible 
because the run-out of the unit shaft extension is 
often beyond the limit of the runner and labyrinth 
clearances in such units. 

The generator shaft flange can be checked for 
run-out caused by vertical misalignment of the shaft 
axis with respect to the thrust bearing friction surface 
with the aid of dial gauges and a stretched wire. The 
latter method is rather complicated and takes much 
time. That is why, it is not used as a rule. 

B CMEEX KING HIE GENERATOK SHAFT FOR 
RUN-OUT PRIOR TO COUPLING IT TO THE 
TURBINE SHAFT 

Determination of the shaft run-out. The reference 
base for determining the generator shaft run-out with 
the aid of a dial gauge and a feeler gauge is usually 
the flange of the turbine shaft which is centered, as 
a rule, immediately after mounting it in the pit and 
then checked up again before checking the generator 
shaft run-out. To this end, the generator shaft is placed 
in the original position by shifting it vertically and 
horizontally on the thrust bearing or together with 
the handling cross-bar. In this position the centre 
lines of the shafts are aligned accurate to the allo¬ 
wance for preliminary centering and the mating sur¬ 
faces of the flanges are set in parallel. Allowances for 
parallel misalignment of mating surfaces and for 
alignment of centre lines of the shafts are usually 
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njiocKOCTen pa3T>eMa h 0,5—1 mm no ochm BajiOB npn 
3 aMepax no coBMemeHHio o6pa3yiomHX (|)jiaHijeB. B 
tom h APyroM cjiyuae AonycKH MoryT 6 bitb paciHHpeHbi, 
ho 3to ocjiohchht npoijecc 3aMepoB. 

Ilocjie npeABapHxejiBHOH ycraHOBKH Bajia rHApo- 
reHepaxopa 3aBOA*iT oahh HanpaB jihioiahh noj^umu- 
hhk, pacnojionceHHbiH Hanbojiee 6 jih3KO k noAHHTHHKy. 

ftjlfl yMeHBHieHHH CHJI COnpOTHBJieHHH TpeHHK) 
njiocKOCTH TpeHHH A^cKa h cerMeHTOB noAnHTHHKa 
CMa3biBaiOT cajiOM. 

E[To 6 bi H 36 e>KaTB HCKanceHHH b noKa 3 aHHHx 6 ne- 
HHH, KOTOpoe MO>KeT nOJiyUHTBCH 3 a cuex HepaBHO- 
MepHOCTH TOJHAHHbi cjioh cajia, nepeA npoBepKoii 
AejiaiOT oahh xojioctoh noBopoT poTOpa Ha noAnHTHHKe, 
He 3 aMepHH bueiine. 3 aTeM baojib jihhhh Bajia Ha (j)JiaH- 
u;e h Ha meiiKe noAuiHnHHKa c ycraHOB jichhbim BKJia- 
AbirneM HaMenaiOT neTBipe paBHOMepHO pacnojio>Ken- 
Hbie no OKpy>KHOCTH b epTHKajiBHBie jihhhh, a k (j)jiaHiiy 
h HienKaM Bajia ycTaHaBJiHBaiOT no ABa HHAHKaTopa, 
pacnojiaran hx b oahhx h Tex nee BepTHKajiBHbix njioc- 
kocthx, HaxoAHinuxcH noA yrjiOM 90 ° OAHa k APyroh. 
IlepeA noBOpOTOM poTopa HHAHKaTopbi CTaBHT Tan, 
HTOdbl IHTH(|)T HMCJI HaTHT 2—3 mm, a CTpeJIKa CTOHJia 
Ha Hyjie. Ilocjie 3 Toro c noMoinbio myna h MepHbix 
njiacTHHOK 3 aMepHK)T paccTOHHHe Me>KAy conpnrae- 
MblMH nJIOCKOCTHMH (J)JiaHIjeB BaJIOB B HeTBIpeX paBHO¬ 
MepHO pacnojiojKeiiHbix paAnajiLHbix ceneHHHx. 

CnocoboM, peKOMeH aob aHHbiM b n.ft § 5-8, poTop 
noBopanHBaiOT CTporo Ha 180°. IIpeKpaTHB noBopoT h 
OCJ iadHB Tpoc, C nOMOUA>IO KOTOpOrO npOH3BOAHJICH 
nOBOpOT, 3aMepHIOT B 3THX H<e CeneHHHX paCCTOHHHH 
Me>KAy ^JiaimaMH, a Tannce 3aiiHCbiBaiox noKa3aHHH 
Bcex HHAHKaTOpOB. npn 3TOM oSpamaiOT BHHMaHHe Ha 
HanpaBJieHHe nepeMemeHHH uiTH^Ta HHAHKaTopa. Ecjih 
oh nepeMemaeTCH k och Bajia, noKa3aHHH 3anncbiBaioT 
co 3HaKOM MHHyc, a npn nepeMemeHHH mTH(|)Ta ot 
och Bajia — co 3 HaK 0 M njiioc. Tan kslk noKa 3 aHHH 
HHAHKaTOpOB, ycTaHOBJieHHbix y rneiiKH noAHinnHHKa, 
npaKTHnecKH onpeAejiniOT nepeMemeHHH Bajia Ha noA- 
nHTHHKe, to BejiHHHHa OneHHH (jDJiaHiia Bajia no coot- 
BeTCTByiomHM ceneHHHM dyAer onp e ag Jihtbch KaK 
apH(|)MeTHHecKaH pa3H0CTb noKa3aHHii HHAHKaTOpOB y 
(jjjiaHAa Bana h y rneiiKH noAHiHnHHKa. IIpH 3aMepe 
mynoM 3Toro nepeMemeHHH He yuHTbiBaiOT, a caM 
3aMep HBJineTCH KaK 6bi Ay^JinpyiomHM KOHTpojieM. 

Handojibrnan BeJinuHiia 6hchhh 4)Jiaima Bajia 

£* = h 2 + 

tjxq a, 6 — BejiH^HHbi 6 hchhh (JiJianqa b AByx B3anMHO nepneH- 
^HKyjIHpHblX ce^ieiiHHX. 

PaAnajiBHyio jihhhio HandojiBHiero Ohchhh naxoAHT 
rpac|)HHecKH hjih anajiHTHuecKHM oiocoOom. 

Ilocjie onpeAejieHHH BeJiHuniibi 6 hchhh AejiaiOT 
KOHTpojiBHyio npoBepKy npaBHJibHocTH noJiyneHHbix 
pe3yjiBTaTOB, noBTOpHH noBopoT poTopa Ha 180° h 
kohtp ojinpyn 5 6neHHe npn stom HHAHKaTOpaMH h my- 
noM. Ecjih b pe3yjiBTaTe npoBepKH noATBepAHTCH 


within the limits of 0.1 to 0.2 and 0.5 to 1.0 mm, 
respectively, as measured by the generating lines of 
the flanges. In either case, greater deviations may 
be allowed, but this will make the procedure of mea¬ 
surements more difficult. 

After the generator shaft is roughly installed, one 
guide bearing closest to the thrust bearing is to be 
mounted. 

The rubbing surfaces of the thrust bearing segments 
and disk are to be coated with grease to reduce friction 
forces. 

In order to avoid distortions in the dial gauge 
readings due to a non-uniform coat of grease, the rotor 
must be given an idle revolution on the thrust bearing 
before making measurements. Then four marks uni¬ 
formly spaced along the vertical line circumference 
are to be made along the shaft line on the flange and 
on the bearing journal. Two dial gauges are to be 
mounted on the flange and two ones on each shaft 
journal. All the dial gauges must be set on the same 
vertical planes at right angles to one another. Prior 
to turning the rotor, the dial gauges are to be set in 
a position in which their pins have an interference 
fit of 2 or 3 mm and the pointers are set to zero. There¬ 
upon, the distance between the mating surfaces of 
the shaft flanges are to be measured at four equally 
spaced radial sections by means of a feeler gauge and 
flats. 

The rotor is to be turned strictly through 180° 
using the procedure specified under Section 5-8, E. 
Then the rotor is to be stopped, the turning rope 
released, the distances between the flanges measured 
at the same four sections, and the readings of all the 
dial gauges put down. In the procedure, attention shall 
be paid to the direction of the dial gauge pin move¬ 
ment. If it moves towards the shaft axis, readings are 
to be put down with the negative sign, if it moves 
from the shaft axis, the sign must be positive. Since 
the dial gauges mounted at the bearing journal give 
actually readings that determine the shaft motion on 
the thrust bearing, the run-out of the shaft flange 
across respective sections will be determined as the 
arithmetic difference between the dial gauge readings 
at the shaft flange and those at the bearing journal. 
When measurements are made with a feeler gauge, 
this motion is not taken into account and the measure¬ 
ment proper is, essentially, a duplicating check-up one. 

The maximum run-out of the flange shaft 

RO t = fa 2 + 6 2 , 

where a and b are flange run-out values measured at two mu¬ 
tually normal sections. 

The radial line of the maximum run-out is to be 
found by plotting a graph or by an analytic method. 

Upon the determination of the run-out the results 
obtained must be checked up. To this end, the rotor 
is to be turned through another 180° and the run-out 
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lip aBHJlbHOCTB npeAblAy^HX 3aMepOB, TO B 3UBHCHMOCTH 
ot BejiOTHHbi, SneiiHe HcnpaBJiniOT hjih npon3BOA^T 
oKOH^aTejibHoe npHu,eHTpiipOBaHHe Bajia rHAporeHepa- 
Topa k Bajiy ruApOTypSHHbi h c^atoT Bajibi noA cnapH- 
Barnie b eAHHbiii Ban. 

B Ta6ji. 14 h 15 npHBeAeHbi AonycTHMbie TexHH- 
neCKHMH yCJIOBHHMH Ha MOHTa>K rHflpOarperaTOB BeJIH- 
HHHbi OTHOCHTejibHO 6 hchh5i BanoB rHAp oreHepaTOpOB 
h OTKjiOHeHHH npH npHijeHTpHpOBaHHH Bana ruApore- 
HepaTopa k Bany rn apOT y p 6hhbi nepeA hx cnapHBa- 
HH€M. CneAyeT HMeTb B BHAy> HTO' OTHOCHTeJIbHbIM 
SneHneM cHHTaeTCH Sneime., npHXOAHiijeecH Ha 1 m 
AJ iHHbi Bana. 

B Tex cjiynanx, Kor/ja Bbi3biBaeMoe HenepneHAHKy- 
JIHpHOCTbK) OCH Bajia K nJIOCKOCTH TpeHHH nOAnHTHHKa 

SneHne Bana bbixoaht 3a AonycTHMbie 3HaneHnn, ero 
ycTpaHHiOT unn mnHcJjOBKOH Ha KnHH onopHOH nnoc- 
kocth BTynKH jih6o TbintHOH cTopoHbi 3epKanbHoro 
AHCKa. 


ripHMeqaHHe, Bo Bcex cjiynanx BejiHHHHa $aKTHuecKoro 
6neHHH Bajia y TypbHHHoro nofliiiiiniiHKa He flOJDKtia npeBBimaTb 


measured with the aid of dial gauges and a feeler gauge. 
If the previous results are confirmed by the check-up 
measurements, the generator and turbine shafts are 
finally aligned or corrected, depending on the amount 
of run-out, whereupon they can be released for coup¬ 
ling into an integral piece. 

Tables 14 and 15 specify permissible relative run¬ 
outs for the shafts of hydrogenerators and tolerances 
for their alignment before releasing them for coupling 
with turbine shafts. It should be borne in mind that 
the relative run-out is the run-out per 1 m of the shaft 
length. 

In the event of a run-out exceeding the specified 
values, which may occur due to vertical misalignment 
of the shaft axis to the thrust bearing friction surface, 
this defect is to be eliminated either by wedge grinding 
of the thrust collar bearing surface or by grinding the 
underside of the mirror runner. 


0,4 mm fljui arperaTOB co cKopocT&io BpameHHH flo 250 o6/mhh 
h 0,3 mm p ;jih arperaTOB co cKopocTino BpameHHH 6ojiee 250 o6/mhh. 

Table 14 


Ta6 jiai^a 14 


tfOnyCKM HA EHEKHE BAJIA ArPETATA IIPH IIPOBEPKE tlOBOPOTOM PGTOPA HA 
HOflnilTHHKE 


XapaKTep 6 hchhh Bana 

MecTO 3aiwepa 

JIonycTHMaH BejiHHHHa 6nennfl (mm) npu ckopocth BpameHHH Bana flo, 
o6/mhh 

100 

250 

375 

600 

OTHOCHTenbHoe 6neHHe Bajia Typ- 

IIIenKa Bajia y Typ6iiHHoro 

0,050 

0,050 

0,040 

0,030 

6hhbi, mm/m 

noAninnHHKa 





OTHOCHTejitHoe OneHiie sajia reHe- 

<I>jiaHeq Bajia reHepaxopa 

0,030 

0,030 

0,020 

0,015 

paxopa, mm/m 






A6cojnoTHoe OiieHPie HaflCTaBKH 

rioca^OMHaH rneHKa ajih 

0,300 

0,200 

0,150 

0,150 

reHepaTopa Bajia, mm 

HKOpH B036yAHTejIH 






TOLERANCES FOR POWER UNIT SHAFT RUN-OIJT AS MEASURED BY TURNING TILE ROTOR 
ON THRUST REARING 


Run-out 

Point of measurement 

Permissible run-out mm, at shaft speed, 
rpm 


100 

250 

375 

600 

Relative run-out of turbine shaft 

Shaft journal at turbine 





mm/m 

bearing 

0.050 

0.050 

0.040 

0.030 

Relative run- out of generator 

shaft, mm/m 

Generator shaft flange 

0.030 

0.030 

0.020 

0.015 


304 



Run-out 

Point of measurement 

Permissible run-out mm, at shaft speed, 
rpm 



100 

250 

375 

600 

Absolute run-out of generator 

shaft extension, mm 

Exciter armature mounting 

journal 

0.300 

0.200 

0.150 

0.150 


Note. In all cases, the actual run-out of the shaft at the tur- at a speed of up to 250 rpm and 0.3 nun for those rotating at 

bine bearing shall not exceed 0.4 nun for power units rotating a speed higher than 250 rpm. ' 


T a 6 ji n u a 15 

AOnyCKH HA OTKJIOHEHHH IIPK UEHTP0POBAHHH BAJIA PH^POrEHEPATOPA K RAJIV 
riiaPOTVPEHHEI nEPEH CnAPHBAHHEM 


XapaKTep oTKjioiieHHii 

MecTO 3aMepa 

XionycKaeMoe oTKjioHeHne, 


MM 

CMemeHHe och sajia reHepaxopa OTHOCHTejibHO och 
sajia TypbHHbi 

no o6pa3yiomHM (JjjiaHija 

0,1 

HenapajiJiejibHOCTb conparaeMbix iuiocKocTen (JmaimeB 

Me>KAy conpHraeMBiMH iijiockocthmh (JmaH- 


npH AnaMeTpe (Joanna Bana (mm) : 

AeB 


AC 600 


0,020 

AO 1000 


0,025 

AO 1500 


0,030 

AO 2200 


0,035 


Table 15 

TOLERANCES FOR CENTERING THE GENERATOR AND TURBINE SHAFTS PRIOR TO THEIR 
COUPLING 


Deviation 

Point of measurement 

Tolerance, 

mm 

Misalignment between generator and turbine shaft axes 

Over generating lines of flanges 

0.1 

Parallel misalignment of mating surfaces of flanges 

Between mating surfaces of flanges 


for flange diameter, mm: 



up to 600 


0.020 

up to 1000 


0.025 

up to 1500 


0.030 

up to 2200 


0.035 
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Phc. 175. PactieT KJiHHa, cHHMaeMoro c tbijibhoh ctopohbi 
flpacKa no^fnaTHHKa hjih c onopHOH iijiockocth BxyjiKH: 
2 — BTyjiKa noAnHTHHKa; 2 — saji (ihtphxoboh jiHHHeii noKa3aHO nojio- 
>KeHne Bana nocjie ycTaHOBKH kjihhobhahoh npoKJiaAKH bmcotoh n) 

Fig. 175. Calculation of wedge removed from rear section 

of thrust bearing runner or from support surface of 
collar: 

j — thrust bearing collar; 2 — shaft (dash line shows position of shaft 
after positioning of wedge-shaped padding of height h ) 


Phc. 176. Pa 3 MeTKa MecT HaHeceHHH MaaKOB #jia num- 

(J)OBKH KJIHHOBHflJHOrO cjioh 3 epKaJii>Horo A HCKa: 

I — mySHHa lwanKOB ; II — jihhhh m3hkob j III — iuiockoctb 6hchhh 

Fig. 176. Laying-out of targets for grinding wedge- 
shaped layer of runner: 

I —depth of targets; II —line of targets; III —run-out plane 


B raaporeHepaxopax co cK0Jib3HineH nocaAKon BTy- 
jiok noAnaTHHKa Ha Baji ncnpaBJieHHe mo>kho jierKO h 
6 bicTpo cAeJiaTb, ciihjihb Ha kjihh 3 anopHoe kojibao 
BT yjIKH. 

ripH jhoSom cnocobe HcnpaBJieHHH 6 hchhh Bajia 
BHanajie cjieAyex onpeA^JiHTb BejiHHHHy KJiHHa, koxo- 
pblH AOJl>KeH 6BIXB COHIJIH(J)OBaH C OAHOH H3 conpa- 
raeMBix nnocKocxen hjih, Hao6opox, 3ajio>KeH Me>KAy 
hhmh. H3 reoMexpHnecKHX noAo6HH (pHc. 176) HeTpyAHO 
npocjieAHTB, hxo BejmquHy xanoro KJiHHa mohcho onpe- 
AeJiHXB H3 cJieAyioiitero cooxhouichkh: 



rrt e h — HauooJibinaa bbicotu KJiHHa; R — pa^nyc Hapy>KHOH 
OKpy>KHOCTH OnOpHOH nJIOCKOCTH BTyjIKH noAnHTHHKa ; £(f> — HaH- 
6ojn»maa BejimraHa SneHHH (J)JiaHita Bajia rHAporeHepaTOpa; 

— paccTOHHHe ot iijiockocth TpeHHa ro (fjjiaHua Bana rHApo- 
reHepaTOpa. 

ycTpaHeHHe SnemiH Bana imnnfroBKoii onopHofi 
IIJIOCKOCTH BTyjIKH HJIH TBIJIBHOH CTOpOHbl 3ep- 
KaJiBHoro AHCKa. Ecjih Ha onopHOH njiocKOCTH BTyji- 
kh noAnHTHHKa HeT SypTHKa, KOXoptiH saxpyAHHeT ee 

mJIH(J)OBKy 5 TO CHHTB KJIHHOBHAHBIH CJIOH MCTUJIJia 

MO>KHO c jiio6oh H3 conpjiraiomHxcH njiocKOCTeH. Cfle- 
naTb 3to yfloGnee Bcero xopnoBBi.uii iiijiikIjohu-tbii r > 1.1111 
MauiHHKaMH. A® 1 axoro Ha BTyjmy hjih jjhck (pnc. 
176) nepneHflHKyjuipHO k njiocKOCTH Shchhh HaHocaT 
paBHOMepHO OTCTO>nnne o,xna ot Jtpyi'oii napajuiejiBHBie 
JIHHHH, BflOJIB KOTOPBIX BblUiafipHBaiOT HiafiepOM M3HKH 
xaKoii rjiySHHti, npn kotopoh hx BepuiHHBi fiyayx Jie- 


Where the thrust collars are mounted on the gene¬ 
rator shaft with a sliding fit, the run-out can he easily 
brought to the normal value by tapering the collar 
snap ring. 

In any case, when correcting the shaft run-out, the 
first thing to do is to determine how much one of the 
mating surfaces is to be bevelled or how large a wedge 
is to be inserted between the mating surfaces. It can 
easily understood from geometric similarity (Fig. 176) 
that the size of such a wedge can be found from the 
following equation: 

R ROt 

h = - 

Li 

where h is maximum height of the wedge; R is radius of the 
outer circumference of the thrust collar supporting surface, 
RO f is maximum run-out of generator shaft flange; Lf is dis¬ 
tance from the friction surface to the generator shaft flange. 

Eliminating the shaft run-out by grinding the bearing 
surface of the thrust collar or the underside of the mirror 
runner. When the bearing surface of the thrust collar 
has no boss that may interfere with its grinding, any 
of the mating surfaces can be bevelled. It is good 
practice to do this by means of a face grinder. To this 
end, parallel lines equally spaced one from another 
are to he drawn on the collar or runner (Fig. 176) 
normal to the run-out plane and reference notches 
are to be scraped out along them. The notches must 
have such a depth that their tops were on the same 
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Phc. 177. npOBepna mahi-cob no HHAHKaTopy 
Fig. 177. Check-up of targets with dial gauge 





Phc. 179. IIpoBepKa huihiJjobkh no kohtpojibhoh npoBepouHOH njiHTe 
Fig. 179. Check-up of grinding by surface plate 


<4 Pnc. 178. UIjiH(J)OBKa tbijibhoh ctopohbi 3epKajia Ha kjihh 
no 3apaHee BBimaSpeHHBiM MannaM 

Fig. 178. Bevel-grinding of mirror surface by already scraped 
targets 


jkbtb Ha oahoh hjiockocth, o6pa3yioiAeH BMeexe c 
nepBOHanaJiBHOH HemJiH<|)OBaHHOH noBepxHOCTBio noA- 
Jie>KamHH CHHTHK) KJIHH. Tj^HHy MaHKOB npOBepHIOT 

c noMomBK) HHAHKaTopa (pnc. 177). 

Ilocjie HaHeceHHH MaHKOB iiob epxHOCTB AHcna hijih- 
(jjyiOT Ha KJIHH, OpHeHTHpyHCB no 3THM MaHKaM. B 
pe3yjiBTaxe AOJi>KHa nojiyHHTBCH iuiockoctb, npoxoAH- 
Hjan uepe3 BepniHHbi MaHKOB. IlpH stom kohtpojib 
OCymeCTBJIHIOT npOBepOHHOH JIHHeHKOH H npOBepon- 

hoh njiHTOH Ha KpacKy (pnc. 178 h 179). 


level to form, together with the original unground 
surface, the wedge-like portion to be removed. The 
depth of reference notches is to be checked by means 
of dial gauge (Fig. 177). 

After the notches are scraped out, the runner sur¬ 
face is to be bevelled with reference to these notches. 
The surface obtained must pass through the tops of 
the notches. This is to be checked by means of a straight¬ 
edge and a surface plate by a blue-print method (Figs 
178 and 179). 


307 

































































































He3aBHCHM0 ot cnocoSa ycTpaHeHHH 6 hchhh eajia 
nOCJie OKOHtiaTeJIbHOH BbIBepKH HeoSxOAHMO npoBepHTB 
TaiOKe BOJIHOo6pa3HOCTE» Ha 3 epKaJIBHOH nOBepXHOCTH 
AHCKa: rjix Bcex thiiob rHAporeHepaTopoB OHa He 
AOJDKHa npeBbimaTB 0,05—0,06 mm. ripoBepKy npoH3- 
boaht HHAHKaTopaMH npH BpatqeHHH poTopa Ha noA- 
nHTHHKe. IIlTH(|)TBI HHAHKaTOpOB nOABOAHT K 3epKaJIB- 
HOMy AttCKy Me>KAy cerMeHTaMH no HapyjKHOH, cpeAHen 
H BHyTpeHHeH OKpy>KHOCTHM Ha ABCKe. UtoSbi He 
noBpeAHTB pa6onyio noBepxHOCTB A^cna, Ha KOHen; 
niTH(|)Ta HaAO HaAeBaTB 6p0H30BbiH hjih MeAHbin 
HaKOHeHHHK. 

HcnpaBHTB BOJiHoo6pa3HOCTB pa6onen noBepxHocru 
AHcna mohcho nuiH(|)OBKOH BbiCTynaiomHx Ha HepaSo- 
nen njiocKOCTH Ancna flyropKOB. 


5-10. CnAPHBAHKE BAJIA 
rMAPOI EHEPATOPA C BAJIOM 
riiSPOxypBeH&i 

A. IIPHI^EHTPMPOBAHHE BAJIA 
rHAFOFEHEPATOPA K BAJIY 

raflp otypehhw 

BbiBepHB 6neHHe sajia rHAporeHepaTopa h BOJiHy 
Ha pa6onen noBepxHOCTH 3epKajiBHoro AHCKa, npncTy- 
naiOT k oKOHnaTeJiBHOMy np HijeHTpHpo b aHHio Bajia 
rHAporeHepaTopa k OTijeHTpHpOBaHHOMy Bajiy rHApo- 
TypSHHbi, HTo6bi 3aTeM 3TH ABa Bajia cocahhhtb b eAH- 
Hbiii Ban. B pe3yjiBTaTe npHijeHTpHpOB ehhh o6pa3yio- 
mne (J)AaHqeB o 6 ohx BanoB aojihchbi coBnacTB Apyr c 
ApyroM, a conpHraeMbie rniocKocra craTB napajuienB- 

HblMH. IIpH 3T0M AOnyCTHMbie OTKJIOHCHHH OT COOCHO- 

cth h ot napajuiejiBHocTH c|)jiaHAeB He ROJimubi npeBbi- 
rnaTB 3HaneHHH 5 yKa3aHHbix b Tafiji. 15. 

KpoMe Toro, hco 6 xoahmo, hto 6 bi nepeA cnapHBa- 
HHeM BaJIOB OCH COOTBeTCTByiOIAHX OTBepCTHH noA 
Gojitbi KpenjieHHH Ha o 6 ohx (jmaimax coBnaAajiH Me>KAy 
coSoh. 3 to npoBepnioT no MeraaM, HaHeceHHbiM Ha 
o 6 ohx (fwiamjax bo BpeMH cnapnBaHHH BanoB Ha 3 aBOAe- 
H 3 roTOBHTejie rHApoTypflHH. 

JIjih coBMemeHHH OTBepCTHH Ban BpamaiOT Ha noA- 
nHTHHKe KpaHOM, npHcnocoSjieHneM hjih AOMKpaTaMH, 
p acnnp aeMBiMH bo BTyjiny h Kopnyc noAnnTHHKa; 
ropH30HTajiBHbie h b epTHKajiBHBie nepeMememiH npoH3 - 
boaht c noMOiABio cerMeHTOB noAUiHnHHKa h noA- 
HHTHHKa. 


Irrespective of the method used for correcting the 
shaft run-out, the final check-up must be followed by 
checking the mirror runner surface for undulation 
which should not exceed 0.05 to 0.06 mm for all types 
of generators. This check is to be made with the aid 
of dial gauges with the rotor rotated on the thrust 
bearing. The dial gauge pins are to be approached 
to the mirror runner between the segments on the 
outer, intermediate, and inner circumferences of the 
runner. To avoid damage to the working surface of 
the runner, a bronze or copper lug should be fitted 
on the pin end. 

Undulations on the runner working surface can 
be removed by grinding rough portions on the non¬ 
working surface of the runner. 


540. COUPLING 

THE T URBINE 

AND GENERATOR SHAFTS 

A. ALIGNMENT OF SHAFTS 


After the generator shaft run-out and the runner 
surface undulation have been checked up, the genera¬ 
tor shaft is to be finally aligned with the turbine shaft 
that has been already centred. Thereupon, these shafts 
can be released for coupling to form an integral piece. 
After the alignment the generating lines of the flanges 
of both the shafts must coincide and the mating sur¬ 
faces must be parallel. Permissible tolerances for misa¬ 
lignment of shafts and parallel misalignment of flanges 
shall not exceed the values specified in Table 15. 

It is also necessary to align holes for fastening 
bolts on both the flanges prior to coupling the shafts. 
This is to be checked against reference marks applied 
to both the flanges at the manufacturing plant while 
the turbine shafts were coupled. 

To align the holes, the shaft is to be rotated on the 
thrust bearing with the aid of a crane, a fixture, or 
jacks taut strut within the thrust bearing collar and 
casing. Horizontal and vertical movements are to be 
carried out by means of the bearing and thrust bearing 
segments. 











E. eOEftHBEHME BAJIOB 

IIepeA coeAHHeHHeM (JmaHijeB HaAO tihatcjibho 

3 aHHCTHTB IUIOCKOCTH COnpHH<eHHH H npoBepHTB jieKajib- 
hoh jiHHenKOH OTcyTCTBHe 3 a 6 oHH h 3 ayceHijeB. Coe- 
Ahhhiot dmaHijbi BaJIOB oSbihho b ABe onepaijHH; 
nOATHTHBaiOT BaJI BMeCTe c paSoHHM KOJieCOM THAPO- 
TypflHHbi k Bajiy rHAporeHepaTopa h oflrarHBaiOT Bee 
coeAHHHTejibHbie Sojitbi ao npeAOJiBHO Aony cthmbix 
H anpa>KeHHK. 


B. COUPLING THE SHAFT FLANGES 

Prior to coupling the flanges, their mating surfaces 
must be thoroughly cleaned and checked with a straight¬ 
edge for dents and burrs. The coupling procedure 
usually takes two steps. First the turbine shaft and 
runner assembly is to be pulled to the generator shaft 
and all the coupling bolts are to be tightened until 
maximum permissible strain is set up in them. 
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Phc. 180. noATHruBamie Bajia rn#poTyp6iiHbi k 
Bajiy rHAporeHepaTopa c iiomoiabio rHApaBjnraec- 
Koro npHcnocoSjieHHH: 

1 — ruflponpecc; 2 — Baji rHflpoxyp6nHbi; 3 — Tpy6onpoBO£j 
4 — rHAPOflOMKpaT; 5 — 6ojit npHcnocoSjieHHH; 6 — onop- 
HaH 6ajio*iKa; 7 — Baji ruflporHepaTopa 

Fig. 180. Drawing-up turbine shaft to generator 
shaft with hydraulic device: 

1 — hydraulic press; 2 — turbine shaft; 3 — piping; 4 — hy¬ 
draulic jack; 5 — bolt; 6 — supporting beam; 7 — generator 
shaft 


Baji c paSoHHM KOJiecoM noAHHMaiOT Ha HecKOJibKHX 
co eAHHHTe jilhbix Sojrrax npn noMoum flojibtuoro raeu- 
Horo KJiiona, noBopauHBaeMoro pbinaraMH, tbjihmh hjih 
K paHOM, 3 anenjieHHbiM k Kjnony uepe 3 Sjiokh, hjih 
cnenHaJibHbiM npncnocofljieHHeM c rn ApaB jihhcckhmh 
AOMK paTaMH. Tanoe npHcnocoSjieime 3 HauHTejibH 0 06 - 
jieruaeT TpyA^ noaTOMy ero crajin nrnpoKO npnMeHHTb 
Ha npaKTHKe. 

IIoATHrHBaHHe Bana nocpe actbom 3 Toro npncnocoS- 
jichhh b bino jihhiot b cjieAyiomeM nOpHAKe. 

Ha (JjjiaHeu Bajia 7 rHAporeHepaTopa ycraHaBjin- 
BaiOT neTbipe (hjih oojibine) rHApOAOMKpaTa 4 (pnc. 
180), coeAHHeHHbix Me>KAy coSoh TpySonpoeoAOM 5, 
tiepe 3 KOTopbifi k Ka>KAOMy THApOAOMKpaTy ot Hacoca 
BbICOKOrO AaBJieHHH c pyHHbIM HJIH MexaHHHeCKHM 
npHBOAOM noAaeTCH Macjio noA OAHHaKOBbiM AaBJie- 
hhcm. THApoAOMKpaTbi 4, BOSA^HCTByH Hepe 3 onopHyio 
flajiouKy 6 Ha SojiTbi 5 npHcnocofljieHHH, noATHTHBaiOT 
Baji 2 BMecre c pa6oHHM KOJiecoM rHApoTypflnHbi k 
B ajiy rHAporeHepaTopa. 

JJjih npeAOTBpaincHHH naAeHHH pa 6 ouero KOJieca c 
BajioM npn pa 3 pbme TpyfloK hjih Apyrnx noBpe>KAe- 
HHHX, BbI 3 bIBai 0 IAHX pe 3 K 0 e yMCHBIHCHHe AaBJieHHH B 
MarncTpajiH, Ha ycTaHOBJieHHbix nocTOHHHbix flojrrax 
no Mepe no aththb aimH Bajia 3 aBepTbiBaiOT raiiKH. 
IIOATHHyB Baji THAPOAOMKpaTaMH, HO He CHHB AaBJie- 
hhh b MarncrpajiH, raiiKH Ha HanpaBJimomux flojiTax 
nojiHOCTbio 3 aTHrHBaioT. 3 aTeM AOMKpaTbi BMecTe c 
flaJIOHKaMH H SoJITaMH CHHMaiOT, a B OCBOflOAHBIHHeCH 
OTBepCTHH 3 aBOAHT ocTajibHbie npnnacoBaHHbie 6 ojitbi, 
nocjie nero OKOHnaTejibHo 3 aTHraBaiOT Bee flojiTbi. 


y cpaBHHTejibHO HeflojibiHHx rHApoarperaTOB okoh- 
naxejibHaH 3 ara>KKa co eAHHHTejibHbix Sojitob npOH 3 BO- 
Ahtch c noMombio HaKHAHbix raemibix Kjnonen, k 
KOT opbiM npHKJiaAbiBaeTCH yAapHan CHJia ot KyBajiAbi 
hjih cnennajibHoro 6apca, jih6o ycnjine nepe 3 6 jiok ot 
jieSeAKH hjih KpaHa. 

Y KpynHbix rHApoarperaTOB Sojitw 3 aTHrHBaioT 
npn noMoiAH THApaBJiHHecKHx cOajiHHBaTejien, cne- 

AHajIbHO H3rOTOBJIHeMbIX THApOTypSHHHblMH 3aBOAaMH 

(pnc. 181). 


The shaft with the runner is to be raised on a few 
coupling bolts by means of a large wrench that is to 
be turned with levers, tackle, or a crane hooked to the 
wrench by means of pulleys, or by a special fixture 
with hydraulic jacks. Such a fixture greatly facilitates 
the work and is now widely used in practice. 

Pulling the shaft with the aid of this fixture takes 
the following procedures. 

Four or more hydraulic jacks 4 are to be mounted 
on shaft flange 7 (Fig. 180). The jacks are to be inter¬ 
connected through piping 3 which delivers oil to 
each jack at an equal pressure from a hand- or motor- 
driven high-pressure pump. Hydraulic jacks 4 actuate 
bolts 5 of the fixture through supporting beams 6 and 
pull shaft 2 together with the turbine runner to the 
generator shaft. 

To prevent dropping of the runner and shaft as¬ 
sembly in the event of breakage of pipes or other 
troubles causing an abrupt pressure drop within the 
main pipeline, the nuts on the permanent bolts must 
be tightened up all the time while the shaft is pulled 
up. The nuts on the guide walls are to be tightened 
up well home after the shaft is pulled up by the hydrau¬ 
lic jacks while pressure is still maintained in the main 
line. Thereupon, the jacks and the beams and bolts 
are to be removed and the remaining fitted bolts are 
to be driven in the released holes. This done, all the 
bolts shall be tightened up well home. 

In the case of relatively small hydrogenerators, 
the bolts are to be tightened up well home with the 
aid of box wrenches turned by means of a sledge 
hammer or a special percussive tool, or else, by means 
of a hoist or crane through a pulley block. 

In the case of large generators, the bolts are to be 
tightened up by means of hydraulic bolting tools 
specially designed and manufactured by turbine fac¬ 
tories (Fig. 181). 

The bolts are to be tightened uniformly with forces 
applied to them being within specified limits, as deter- 
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3aTHrHBaTb 6 ojitbi cjieAyeT paBHOMepHo, hto6bi 
ycHJiHH b hhx, onpeAejieHHbie no oTHocHTejibHOMy 
yAJiHHeHniOj He npeBbimajui AonycKaeMbix pacueTOM. 
Ilpn 3 tom conparaeMbie roiocKoera cJjjiaHijeB Bajioe 
AOJdkhbi conpHKacaTbCH Tan, hto6bi Me>KAy hhmh He 
npoxoAHJi myn c pa3MepoM 0,03 mm. 

Ilocjie OKOHHaTejibHOH saTH>KKH raiiKH kohtpht 
nocpeACTBOM KOHTpmqHX maiiS, CBapKH hjih Apymx 
ycTponcTB, a Ha (fmaHijbi cBepxy h cHH3y CTaBHT 3amHT- 
Hbie Ko>Kyxn, 3aKpbiBaiomHe rainoi n rojiOBKH Sojitob. 

5-11, pEHTPHPOBAHHE POTOPA 
T HflPO A PPETAT A 

A, PA3JIHHHME C1IOCOBW BBIBEPKH 
OB IREK JlHHIilj BAJIA niflPOArFEFATA 

OSmyio jihhhk) Baira rHApoarperaTa BbiBepniOT 
nocjie cnapHBaHHH Bajia rHAporei-iepaTopa c BajioM 
rHApOTypSnHbi h ycraHOBKH Ha^CTaBKH Bajia raApore- 
HepaTopa. Bo BpeMH stoh npoBepKH bbihbjihiot bcjih- 
hhhbi OneHHH Bajia y meeK hoahihhhhkob, y (jDjiaHijeB 
n y HaACTaBKH. 3to Gnemie Bbi3biBaeTCH h3Jiomom jih¬ 
hhh Bajia bo c^Jiai-njeBbix cocahhchhhx h HenepneHAH- 
KyjinpHOCTbio och Bajia rHAporenepaTopa k njIOCKOCTH 
TpeHHH noAnHTHHKa. 

Enenne H3-3a HenepneHAHKyjiHpHocTH och Bajia k 
njIOCKOCTH TpeHHH nOAHHTHHKa HHOrAa MO>KeT HMeTb 
HeAonycTHMbie 3HaueHHH, A^>i<e h b tom cjiyuae, ecjin 
BbiBepna c AOBeAenneM ao HopM CAenaHa sapaHee, ao 
cnapHBaHHH BajioB. 3 to oObHCHneTCH noHBjieHHeM 
AonojiHHTejibHbix Ae^opMaipm b conpn>KeHHHx Bajia 
co BTyjiKOH h ahckom noAnHTHHKa BCJieACTBne Aorpy3KH 
noAHHTHHKa nocjie cnapHBaHHH BanoB poTopoM rHApo- 
TypSHHbl. 

OOinyio jihhhk) Bajia, KaK y>Ke 6bijio oTMeueHo 
Bbirne, npoBepniOT nepeA OKOHuaTejibHOH hoaShbkoh 
ceraeHTOB noAnHTHHKa npn HeyCTaHOB jichhom non rTm n- 
HHKe Bajia rHApoTyp6nHbi. Ilpn stom ycTaHaB jihb aiOT 
oahh noAiHHnHHK Bajia rHAporeHepaTopa, KOTopbiH 
pacnojio>Ken HanSojiee 6jih3ko k iijiockocth TpeHHH 
noAnHTHHKa. 3a3opbi b noAHinnHHKe ACJiaiox Han- 
MeHblHHMH. 

OGmyio jihhhk) Bajia mojkho fipoBepnTb no CTpy- 
HaM oiocoSom, H3Jio>KeiiHbiM b § 4-12, noBOpanHBan Baji 
Ha 180°; c nOMOIAbK) HHAHKaTOpOB TaiOKe C nOBOpOTOM 
Bajia Ha 180°, jih6o c noMombio 6ecKOHTai<THbix Mar- 
HHTHbix AaTHHKOB, c ocAHJiJiorpacjjHpoBaHHeM nponecca 
OneHHH npn noBopoTe poTopa. IIpoBepKa jihhhh Bajia 
no CTpyHaM BBHAy CJIOJKHOCTH pa 60 T npOH3BOAHTCH 
BecbMa peAKO, nosTOMy paccMOTpnM TOJibKO ABa noc- 
JieAHHx cnoco6a. 

B, IIPOBEPKA OEIHEH jIIIHHM BAJIA C 
nOMOIllWO IIHRHKATOPOB 

JJjih npoBepKH oSmeii jihhhh Bajia c noMombio 
HHAHKaTOpOB BAOJib Bcero Bajia rHApoarperaTa, bkjiio- 
nan h HaACTaBKy, noA yrjioM 90° HaHOCHT npOAOJibHbie 


mined by relative elongation. In the action, the mating 
surfaces of the flanges should come in contact so that 
a 0.03—mm feeler gauge could not pass through 
the joint. 

After the nuts are fully tightened up, they shall 
be fixed in position with lock washers, by soldering, 
or by any other means and protective caps are to be 
fitted on the flanges at the bottom and on the top so 
as to cover the nuts and the bolt heads. 

5-11. CENTERING THE HYDRO POWER 
UNIT ROTOR 


A. METHODS OF CHECKING UP THE POWER 
UNIT SHAFT FINE 

The power unit shaft line is to be checked up upon 
coupling the turbine and generator shafts and installing 
the generator shaft extension. This check involves 
determination of run-out at the bearing journals, 
flanges, and shaft extension. The run-out may be caused 
by the angularity of the shaft line at the flange joints 
and vertical misalignment of the generator shaft axis 
relative to the thrust bearing friction surface. 

Run-out caused by vertical misalignment between 
the generator shaft axis and the thrust bearing friction 
surface may sometimes reach inadmissible values even 
when the shafts were aligned beforehand prior to 
being coupled. This may happen because additional 
strains appear at the joint between the shaft and the 
thrust and runner as a result of additional loads applied 
to the thrust bearing by the turbine rotor after the shafts 
are coupled. 

The shaft line is to be checked up, as has been already 
mentioned, prior to a final lining of segments while 
the turbine shaft bearing is not yet mounted. In this 
case, only one generator shaft bearing closest to the 
friction surface of the thrust bearing is to be mounted, 
keeping bearing clearances as small as possible. 

The shaft line can be checked up using the stretched 
wire method proceeding as specified in Section 4-12 
and turning the shaft through 180°, by means of dial 
gauges with the shaft also turned through 180°, or 
by means of contactless magnetic transmitters, run-out 
being displayed on an oscilloscope screen while the 
shaft is rotated. Since the stretched wire method is 
very complicated and its use is very limited, we shall 
discuss hereunder only the two latter methods. 

B. checking the shaft line by means of 

DIAL GAUGES 

The procedure is as follows. Longitudinal lines 
are to be drawn at right angles over the entire shaft 
of the unit, including the shaft extension, and eight 


310 



Phc. 181. CxeMa npoBepKH o6meii jihhhh Bajia rHApoa- 
rperaTa: 

1 —Kopnyc nofliHHiiHHKa rriApoTypGHHBi; 2 — Ban ruflpOTypGtiHbi; 

3 — Ban rn,qporeHepaTopa; 4 — ceriweHTbi HHHcnero reHepaTopHoro 
noAuiHnHHKa; 5 — rHe3A0 BepXHero reHepaTopHoro noflmnnHHKa; 
6 —Ha^cTaBKa Bana raaporeHepaTopa; 7 — HHflHKaTopbi 

A — nnocKOCTb TpeHHH 

Fig. 181. Check-up of common shaft line: 

1 —turbine bearing housing; 2 — turbine shaft; 3 — generator shaft; 

4 — segments of lower generator bearing; 5 — seat of upper generator 
bearing; 6 —generator stub shaft; 7—dial gauges 

A — friction plane 


jihhhh, k KOTopbiM b neTbipex nonepeuHbix ceuemrax 
yCTaHaBjiHBaiOT boccmb HHAHKaTOpOB. 3th ceuemra 
npoxoAHT uepes Bepx HaAcraBKH Bajia, meHKy yera- 
HOBJieHHoro noAuiHnHHKa Bajia THAporeHepaTopa hjih 
b6jih3h Hee, uepea cJuiaHeij Bajia rHAporenepaTopa h 
rneiiKy noAuiHnHHKa Bajia rHApoTypflHHbi (pnc. 181 ). 

YcraHOBHB HHAHKaTopbi h 3anncaB hx noKa3aHHH 
b hcxoahom nojio>KeHHH, pOTop raAporeHepaTopa noBo- 
pauHBaioT Ha noAnnTHHKe CTporo Ha 180 °. Ocbo 6 oahb 
OT HaTJDKeHHH TpOC, npH nOMOIAH KOTOporO nOBOpa- 
HHBajiH poTop, 3anHCbiBaiOT noKa3aHHH Bcex bocbmh 
HHAHKaTOpOB. 

HtoSbi ySeAHTbcn b npaBHJibHocTH Aam-ibix 3aMe- 
pOB, ACJiaiOT OAHH HJIH ABa KOHTpOJlbHblX noBopoTa 
Ha 180°. Ecjih b hcxoahom nojio>KeHHH cTpejiKH hhah- 


KaTOpoB dbuiH nocTaBJieHbi Ha Hyjib, to pe 3 yjibTHpyio- 
man BejiHUHiia Shchhh Bajia THApoarperaTa y HaACTaB- 
kh, (|)jiaHAa Bajia h y meiiKH noAuiHnHHKa TypSnHHoro 
Bajia b Ka>KAOM B 3 aHMH 0 nepneHAHKyjiHpHOM ceueHHH 
SyAeT paBHa COOTBeTCTByiOIAHM II 0 Ka 3 aHHHM HHAHKa¬ 
TOpOB 3 a BbiueTOM noKa 3 aHHH HHAHKaTopa , y CTaHOB - 
JieHHOrO COOTBeTCTBeHHO B&JIH 3 H njIOCKOCTH TpeHHH 
noAnHTHHKa. HHAHKaTop, ycraHOBJieHHbiH y njIOCKOCTH 
TpeHHH, (JjHKcnpyeT cabht poTopa Ha noAnHTHHKe b 
npeAejiax 3 a 3 opa b noAinHnHHKe Bajia rHAporeHepa- 
TOpa. HandojibiHaH n<e BejiHHHHa 6hchhh b Ka>KAOM H 3 
3thx ceueHHH onpeAejiHTCH KaK KopeHL KBaAparabin H 3 
KBaApaTOB Be jihhhh 6neHHH, nojiyueHHbix b Kan<AOH 
B 3 aHMH 0 npeneHAHKyjinpHOH njIOCKOCTH 3 Toro ceuenuH. 
CjieAyeT HMext b bhaj^ hto 6 neHHe (jjjiaHAa Bajia 
THAporeHepaTopa Bbi 3 biBaeTCH tojibko HenepneHAHKy- 
JIHpHOCTBK) OCH Bajia K njIOCKOCTH TpeHHH noAIIHTHHKa, 
b to BpeMH KaK 6 neHHe HaACTaBKH h Typ 6 miHoro Bajia 
y rneiiKH noAuiHnHHKa 3 aBHCHT eme h ot BejiHHHHbi 
H 3 JIOMa B COOTBeTCTByiOIAHX 4 )JiaHAeBBIX COeAHHeHHHX. 
HeTpyAHo 3 aMeTHTb, hto npn oTcyTCTBHH H 3 H 0 Ma bo 
(fmaHiteBOM coe ahhchhh HHCJieHHoe 3 iiaueHHe dueimH 


dial gauges are to be mounted on them at four cross- 
section. These sections cut across the shaft extension 
top, the journal of the generator bearing that is mounted 
or a nearby place, the generator shaft flange, and the 
turbine shaft bearing journal (Fig. 181). 

After the dial gauges are mounted and their initial 
indications are put down, the generator rotor is to be 
turned on the thrust bearing strictly through 180°. 
Then the turning rope is to be released and the readings 
of all the eight dial gauges put down. 

In order to check up the results, the shaft is to be 
given one or two more revolutions through 180°. 

If the dial gauge pointers were at zero in the initial 

position, the resultant run-out of the power unit shaft 
at the shaft extension, the shaft flange, and the turbine 
shaft bearing journal at each mutually normal cross- 
section will equal the respective indications of the dial 
gauges minus the indications of the dial gauge instal¬ 
led at the thrust bearing friction surface. This dial 

gauge reads the run-out value including the rotor 

displacement on the thrust bearing within the limits 
of the generator shaft bearing. The maximum run-out 
at each of these sectional planes is determined as a 
square root of the square of run-out obtained at every 
mutually normal plane of this section. It should be 
borne in mind that the generator shaft flange run-out 
is only the result of vertical misalignment between 
the shaft axis and the thrust bearing friction surface 
while the run-out of the shaft extension and the turbine 
shaft at the bearing journal also depends on the angu¬ 
larity at the respective flange joints. It can be easily 
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y ineiiKH noAinHiiHHKa Bajia rHApoTypfiHHbi, BBi3BaH- 
Horo HenepneHAHKyjiHpHOCTbio och Bajia k njiocKOCTH 
TpeHHH nOAnHTHHKa, MO>KHO BblUHCJIHTb H3 CJieAyiO- 
mero cooTHomeHHH: 



r Ae E n - BejiH^HHa 6hchhh y uieHKH Bajia rnApoTyp 6 nHM 

Bbi 3 BaHHoro HenepneHAHKyjiHpuocTbio och Bajia rHflporeHepa- 
TOpa K nJIOCKOCTH TpeHHH nOAIIHTHHKa; B^ r — BeJIHHHHa 
6 neHHH y (JiJiaHua Bajia rHAporeHepaTopa; L T — paccTOHHHe 
ot njiocKOCTH TpeHHH noAnHTHHKa ao MecTa 3 aMepa 6 hchhh Ha 
meiiKe noAinHnHHKa Bajia rHApOTypSHHbi; — paccTOHHHe 
ot njiocKOCTH TpeHHH noAnHTHHKa ao MecTa aaiviepa 6 hchhh 
H a 4 >JiaHAe Bajia rHAporeHepaTopa. 

npH HaJIHUHH H3JIOMa JIHHHH BaJia BO (J)JiaHIjeBOM 
coeAHHeHHH b 3 aBHCHMOCTH ot ero HanpasjieHHH hhc- 
jieHHoe 3Ha^ieHHe pe 3 yjiBTHpyiom;ero 6hchhh Ha uicHKe 
Bajia mohcct 6biti» SojiBUie, MeHbuie hjih paBHO bcjih- 
HHHe 6hchhh, 3 aMepeHHoro Ha 4)jiaHqe Bajia rHApore¬ 
HepaTopa, Bbi3BaHHoro HenepneHAHKyjiHpHocrbio och 
3Toro Bajia k hjiockocth TpeHHH noAnHTHHKa. 

Ecjih nocjie npoBepKH 6yn;eT ycTaHOBJieHO , hto 
S neHHe Bajia b cooTBeTCTByromHX ceneHHHx npeBbi- 
maeT 3HaneHH h, npHBeA^HHbie b Tafiji. 14, to HeoSxo- 

AHMO HCnpaBHTB JIHHHK) Bajia, B 3aBHCHM0CTH OT npH- 

hhh Shchhh, 3a cneT noAnHTHHKa hjih (JjJiaHiieBoro 
coeAHHeHHH. CnocoS HcnpaBJieHHH 6 hchhh 3a cneT 
noAnHTHHKa noApo6HO onncaH b § 5-9. 

PaccMOTpHM HcnpaBJieHne H3JioMa Bajia bo cf)JiaH- 
IjeBOM COeAHHeHHH. H3JI0M JIHHHH Bajia BO (j)JiaHIjeBOM 
coeAHHeHHH HcnpaBJiHioT npnnHJioBKOH hjih ihjihc|)ob- 
koh KJiHHOBoro cjioh MeTaJiJia c conpnraiomeH noBepx- 
hocth cjDJiaHiia Bajia rHApoTypfinHbi. CnocoS hijih(J)obkh 
KJiHHOBoro cjioh aHajiornueH paccMOTpeHHOMy b 
g 5-9, a BejiHHHHy KJiHHa HiJiH(j)yeMoro MCTajuia onpe- 
AejiHiOT H3 CJieAyiOHiero cooTHomeHHH. 



rAe h — HanGoJibiuaH BbicoTa KJiHHa; R — paAHyc (^jiaHija eajia 
rHAporeHepaTopa; E T .n — 6neHHe meiiKH Bajia rHApoxyp6HHi>i, 
Bbi3BaHHoe H3JIOMOM bo $jiaHAeBOM coe abhchhh \ L T - paCCTOH- 
HHe ot njiocKOCTH pa 3 teMa (JmaHijeB ao Mecrra 3aMepa Shchhh Ha 
meiiKe Bajia rHApOTypfliiHbi . 

j Ct th jiyumero yncHeHHH 3Toro Bonpoca paccMOT- 
pHM npHMep. UpHHHMaeM A Ba noJio>KeHHH: 1) b Ka>K- 
AOM nonepenHOM ceueHHH (y HaACTaBKH, noAHHTHHKa, 
y (fmaHqa Bajia rHAporeHepaTopa h y meiiKH noAumn- 
HHKa Bajia rHApOTypSnHbi) ycTaHOBJieHO no nape hhah- 
KaTopoB no a yrjioM 90° Apy r K Apy r y (P HC * 1^2); 
2) CTpejiKH HHAHKaTopoB nepeA noBOpOTOM poTOpa A^h 
3aMepoB SneHHH craBHT Ha Hyjit. 

Jlpiiy cthm , hto AnaMeTp cJ)JiaHu;eB BajiOB = 
= 1800 mm, a paCCTOHHHH OT HHAHKaTopoB AO njioc¬ 
KOCTH TpeHHH noAHHTHHKa HMeiOT cjieAyioiijHe hhcjich- 


understood that in the absence of angularity at the 
flange joint the numeric value of the turbine shaft 
run-out at the bearing journal caused by vertical 
misalignment between the shaft axis and the thrust 
bearing friction surface can be found the following 
equation: 

ROtv = RO st — , 

Lt 

where ROtv is run-out at the turbine shaft neck caused by ver¬ 
tical misalignment between the generator shaft axis and the 
thrust bearing friction surface; RO g t is run-out at the gene¬ 
rator shaft flange; Ltv is distance from the thrust bearing friction 
surface, to the point of measurement of run-out at the turbine 
shaft bearing journal; Lt is distance from the thrust bearing 
friction surfac to the point of measurement of run-out on the 
generator shaft flange. 

If there is a certain angle at the flange joint of the 
shaft line, the resultant run-out on the shaft journal 
may be higher or lower than or equal to the run-out 
measured at the generator shaft flange and caused by 
vertical misalignment between the shaft axis and the 
thrust bearing friction surface, depending on the direc¬ 
tion of this angularity. 

If the check results exceed the values specified by 
Table 14 for the respective sectional planes, the shaft 
line must be corrected on the thrust bearing or at the 
flange joint, depending on the cause of run-out. How 
to eliminate run-out by an appropriate treatment of 
the thrust bearing is described under Section 5-9. 

The below description deals with the correction 
of the shaft line angularity at the flange joint. To cor¬ 
rect the fault, the mating surface of the turbine shaft 
flanges is to be appropriately bevelled by filing of 
or grinding the respective layer of metal. The procedure 
of bevelling with the aid of a grinder is described under 
Section 5-9 and the amount of metal to be removed 
is to be determined from the following equation: 

R ROtr 
h — - 

Ltv 

where h is maximum height of the wedge to be removed; R is 
radius of the generator shaft flange; ROtv is turbine shaft 
flange run-out due to angularity at the flange joint; Ln is 
distance from the flange joint plane to the point of measure¬ 
ment of run-out at the turbine shaft journal. 

The problem can be best understood from the 
following example. Let us take the following two 
conditions: (1) two dial gauges are mounted at right 
angles at every cross-section (at the shaft extension, 
thrust bearing, generator shaft flange, and the turbine 
shaft bearing neck, Fig. 182); (2) the pointers of the 
dial gauges are at zero before the rotor is turned for 
measuring the run-out. 

Let us assume that the diameter of the shaft flanges 
/). = 1800 mm and the distance from the dial gauges 
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Hbie 3HaueHHH: ot HHAHKaTopa Ha HaACTaBKe L n == 
= 2000 mm, ot HHAHKaTopa y noAnHTHHKa L n = 0, ot 
HHAHKaTopa y cjjjiaima Bajia rHAporeHepaTopa L$ = 
= 4000 mm, ot HHAHKaTopa y meiiKH noAumnHHKa Bajia 
THApOTypOHHbl L t = 6000 MM. 

Ilocjie noBopoTa poTopa Ha 180° HHAHKaTopbi noKa- 
3ajiH b njiocKOCTH, npoxoAHiAefi uepe3 ocb X , y HaA- 
craBKH sajia — 0,08, y noAnHTHHKa +0,04, y (jmaHija 
Bajia +0,10, y uiefiKH noAuiHnHHKa +0,29; cootbct- 
CTBeHHo b njiocKOCTH, npoxoAHiqeii qepe3 OCb y, 
3th noKa3aHHH 6buiH paBHbi — 0,09; +0,03; +0,12; 
+0,30. 

Hmch noKa3aTejiH hhahkutopob, onpeAejineM pe- 
3yjibTHpyioiAee OneHHe b kuhcaom nonepeuHOM ceueHHH: 

pe3yjibTHpyioiAee Onerne HaACTaBKH Bajia rHAporeHe¬ 
paTopa ■ 

£p.„ = K(—0,08—0,04)2 + C—0,09—0,03) 2 a 0,17 mm; 

pesyjiLTHpyioiAee dHemie (jjjiaHija Bajia rHAporeHepa¬ 
Topa 

Afrp. = K(0,10 — 0,04)2 + (0,12 — 0,03)2 « 0,11 mm; 


peayjibTHpyioiAee OneHne meiiKH noAuiHnHHKa Bajia 
TypdnHbi 

-^p.t = ]/ (0,29 0,4) 2 + (0,30 — 0,03) 2 ^ 0,37 mm. 

BejiHHHHa fineHHH Ha meHKe noAHiHiiHHKa Bajia 
THApOTyp 6 HHbI 0,37 MM COCTOHT H 3 CyMMbI BeJIHHHH 
SneHHH H 3 - 3 a HenepneHAHKyjinpHOCTH och Bajia rHApo¬ 
reHepaTopa K njIOCKOCTH TpeHHH nOAnHTHHKa H fineHHH 
BCJieACTBHe H 3 jiOMa jihhhh Bajia bo (JuiaHiieBOM coeAH- 
HeHHH. IlepBaH onpeAejineTCH H 3 cooTHomeHHH: 


npHHeM b AaHHOM cjiynae 

^th — 0,11* = 0,165 mm, 

4000 


to the thrust bearing friction surface is as follows: 
from the dial gauge mounted on the shaft extension 
L e — 2000 mm; from the dial gauge at the thrust 
bearing L t b = 0; from the dial gauge at the generator 
flange L f = 4000 mm; from the dial gauge at the 
turbine shaft bearing journal L t = 6000 mm. 

After the rotor has been turned through 180°, 
the dial gauges read the following: in the plane cutting 
axis X at the shaft extension —0.08; at the thrust 
bearing, +0.04; at the shaft flange, +0.10; at the 
bearing journal, +0.29; the respective readings in the 
plane cutting axis Y are as follows: —0.09; +0.03; 
+0.12; +0.30. 

From the dial gauge readings we can determine 
the resultant run-out at every cross-sectional area: 

the resultant run-out of the shaft extension ’ 
RO ei = ]/(—0.08—0.04)2-(-(—o.09—0.03) 2 a 0.17 mm; 
the resultant run-out of the generator shaft flange 

RO ix = K(0.10—0.04)2 + (0.12—0.03)2 « 0.11 mm; 
the resultant run-out of the turbine shaft bearing journal 

RO tT = ^(0.29 — 0.04)2 + (0.30 — 0.03)2 « 0.37 mm; 

The run-out of the turbine shaft bearing journal 
of 0.37 mm is a sum of run-out due to vertical misalign¬ 
ment between the generator shaft axis and the thrust 
bearing friction surface plus run-out due to angularity 
of the shaft line at the flange joint. The former is to 
be found from the equation: 

ROtv t — ROtv — > 

Lt 
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a BTOpan onpefleJiHTCH nan pa3HOCTb: 


in which case 


£t.k = E P .* ~^,.h = 0,37 — 0,165 = 0,205 mm. 

TaKHM o 6 pa 30 M, GneHHe Ha mefine noAUiHnHHKa 
Bajia rHAP 0 Typ 6 HHbi 3 a cuex H 3 JioMa jihhhh Dana bo 
4 >jiaHi^eBOM coe^HHeHHH cocTaBJineT 0,205 mm h Ha- 
npaBJieHO b Ty nee CTOpony, hto h Guerine H 3 - 3 a Henep- 
neHAHKyJIHpHOCTH OCH Bajia K nJIOCKOCTH TpeHHH nOA~ 
nHTHHKa. 

fljiH ycTpaneHHH Gne hhh BCJieACTBHe H 3 JiOMa jihhhh 
B ajia bo 4 >JiaHE(eBOM cocahhchkh noTpeGyeTCH cohijih- 
4 >OBaTb c noBepxHO cth c| )JiaHI l a Bajia rHApoTypGnHbi 

KJIHHOBblH CJIOH MeTHJIJia. HanGoJIblliaH BbICOTa KJIHHa 
b A aH HOM cjiynae onpeAejnrrcH H 3 coothohichhh: 

u _ REt * = 900-0,205 _ ^ 0 09 MM 

L r - Ld, 6000 — 4000 

Kjihh, noAKJiaAbiBaeMbin noA 4 )JiaHe A HaACTaBKH 
Bajia, noACHHTbiBaiOT aHajiorHHHO. 

Ilocjie HcnpaBJieHHH jihhhh Bajia OKOHuaTejitHO 
npoBepmoT ero GneHHe b ynoMHHyrbix Bbime cene- 
hhhx, 3 a 30 pbi no paOoneMy KOJiecy, jiaOnpHHTaM h 
pOTOpy rHAporeHepaTOpa h Guerine TOpM 03 Horo A HCKa 
pOTOpa. npoBepna oGmeii jihhhh Bajia no HHAHKaTO- 
paM npn aKKypaTHOM BbinojiHeHHH sthx paGoT BnojiHe 
yAOBJieTBopneT npeA HHBJiHeMbiM k stoh onepaiiHH 
TpeSoBaHHHM no tohhocth nojiynaeMbix 3 aMepoB. 

OAnaKO 3 tot cnocoG BecbMa cyGbeKTHBHbiH, b HeM 

TOHHOCTL pe 3 yJIbTaTOB H 3 MepeHHH 3 aBHCHT OT BHHMa- 
TejibHOCTH H KBajiH(|)HKaAHH Ka>KAoro H 3 8 HCnOJIHH- 
Tejien, naGjiioAaioiUHx 3 a noKa 3 aHHHMH HHAHKaTopoB, 
ycTaHOBJieHHbix b neTbipex nonepenHbix ceneHHHX 
baojib jihhhh Bajia. KpOMe Toro, nocKOJibKy HHAHKa- 
TOpbl — HHepAHOHHbie A aT HHKH, OHH nOKa 3 bIBaiOT He- 
ckojibko 3 aBbimeHHbie Be jihhhh bi Ghciihh Bajia b npo- 
BepneMbix ceneHHHx. CymecTBeHHbiM HeAocTaTKOM hb- 
jmeTCH TaiOKe h to, hto npn stom cnoco 6 e npoBepKH 
mm He nojiynaeM AOKyMeHTa, oG*beKTHBHO 4 )HKCHpyio- 
mero b e jihhhh bi GneHHH Bajia Ge 3 ynacTHH hoioji- 

HHTeJIH. 

OxMeneHHbie HeAOCTaTKH HCKJiiouaiOTCH npn npo- 
Bepne oGmen: jihhhh Bajia c noMombio GecKOHxaKTHbix 
MarHHTHbIX A aT HHKOB, KOTOpaH A aeT BecbMa TOHHbie 
H3MepeHHH, a BpeMH npoBepKH othm cnocoGoM coKpa- 
maeTCH b 3—4 pa3a no cpaBHemno c BpeMeHeM, 3tixpa~ 
MHBaeMWM Ha npoBepny c noMombio HHAHKaTopoB. 


ROtit = 0.11 X = 0.165 mm, 

4000 

and the latter is to be determined as the difference 
RO &t = RO tt - RO vmt = 0.37 - 0.165 = 0.205 mm 

Hence, the turbine shaft bearing journal run-out 
due to angularity of the shaft line at the flange joints 
is 0.205 mm and is unidirectional with the run-out 
due to vertical misalignment between the shaft axis 
and the thrust bearing friction surface. 

To eliminate the run-out caused by angularity of 
the shaft line at the flange joint, the mating surface 
of the turbine shaft flange shall be wedge ground. 
The maximum height of the wedge-like portion of 
metal to be removed is to be determined from the 
equation 


RROm 

Lt — Li 


900 X 0.205 
6000 — 4000 


= 0.09 mm 


A wedge to be inserted at the shaft extension flange 
is to be calculated in the same way. 

Upon the correction of the shaft line, the run-out 
at the above-specified cross-section is to be finally 
checked up along with the clearances at the runner, 
labyrinth seals and the generator rotor and the run-out 
of the rotor brake disk. The dial gauge check-up of 
the shaft line, when carried out properly, provides 
for the required accuracy of measurements. 

This method, however, cannpt afford unbiassed 
results. The accuracy of readings depends on the care¬ 
fulness and skill of each of the eight operators involved 
in the job. Besides, the dial gauges, being essentially 
lagging transmitter, indicate somewhat increased values 
of run-out at sectional areas. A serious disadvantage 
is also that no document is obtained by this method 
to give unbiassed data on the shaft run-out without 
involving an executer. 

All these disadvantages can be excluded by using 
contactless magnetic transmitters to check up the shaft 
line. This check technique provides for rather accurate 
measurements and takes three or four times shorter 
time as compared with the time required for checking 
with dial gauges. 


B. UPOBEPKA OimiEli JIHHHH BAJIA C 
TTOMOIHblO BECKOHTAKTHbIX 
MATHHTHfelX JIATHHKOB 

Cnoco6 H3MepeHHH BeJiiuiHH Giiciihs-t Bajia c ixomo- 

mbio 6eCKOHTaKTHBIX MarHHTHbIX UaTUHKOB 6 mji npH- 
MeHeH BnepBbie npn MOimuKe rnspoarperaTOB Capa- 


C. CHECKING THE SHAFT LINE BY 
MEANS OF CONTACTLESS 
MAGNETIC TRANSMITTERS 

This method was originally used during the instal¬ 
lation of power units on the Saratov hydroelectric 
power plant. The procedure was used for checking 
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PhC. 183. EeCKOHTaKTHblH MaTHHTHblH AaT- 
mhk 6ne hhh: 

1 — urrencejibHbiH pa3T>eiw; 2 — npoBofl,; 3 — kpoh- 

UITCHH ; 4 -BHHT l 5 -TOJIOBKa MHKpoMeTpa; 6 — 

bhht; 7 — mapHK; 8 — runoHKa; 9 — npy>KHiia ; 
10 — BTyjiKa; 11 — iiitok ; 12 — snoKCHflHMH kom- 
nayHji; 13 — *iy b ctbhtc jii>h&ih sjieweHT Xojuia; 
14 — 6auiMaK; 15 — MarHirr; 16 — bhht 

Fig. 183. Contactless magnetic run-out trans¬ 
mitter : 

1 — plug connector; 2 — wire; 3 — bracket; 4 — 

screw; 5 — micrometer head; 6 — screw; 7 — ball; 

8 — key; 9 — spring; 10 — sleeve; 11 — rod; 12 — 
epoxy compound; 13 — Hall’s sensitive element; 
14 — shoe; 15 — magnet; 16 — screw 


tobckoh T3C. 3thm ctiocoGom GbIJIH H3MepeHbI BeJIH- 
hhhbi GneHHH Bajia oAHOBpeMeHHO bo Bcex npoBepae- 
MblX CeHeilHHX. 

3thm ctiocoGom mo>kho npoBepHTb GneHHe Bajia Ka k 
AO nocTaHOBKH rHApoarperaxa Ha oGopoTbi npn npo- 
KpyTKax pOTOpa arperaTa KpaHOM hjih apy^hm cpeACT- 
BaMH, TaK h Ha oGopoTax bo Bcex pe>KHMax paGoTbi 
arperaTa Ha xojioctom xoAy h no a Harpy3KOH. 

PaCCMOTpHM KpaTKO TeXHHKy H3MepeHHH BeJIHHHH 
GneHHH Bajia c rioMOiiibio GecKOHTaKTHbix MarHHTHbix 
AaXHHKOB. 

Baojib jihhhh Bajia b oahoh nJIOCKOCTH, b neTbipex 
nonepenHbix ceneiiHHx 3aKpenjiHiOTCH Ha nenoABH>K- 
Hbix nacTHx nexbipe A aTiq HKa Ghchhh Bajia (/, 2, 3 
h 5), a b nHTOM nonepenHOM ceneHHH — a^thkh oGo- 
pOTOB 4 (pHC. 182). 

Topi^bi A a THHKOB BHanajie iioaboaht k Bajiy ao 
njioTHoro KacaHHH, a 3aTeM c uomomjbio MHKpOMeTpn- 
qecKOH rojiOBKH 5 (pnc. 183) uitokh Bcex AaTHHKOB 
OTBOAHT TaK, HTOGbl 3a30pbl Me>KAy TOpnaMH AaTHHKOB 
H BaJIOM GbIJIH npHMepHO paBHbl 1,5 —2 MM (b 3aBHCH- 
mocth ot o>KHAaeMOH BejiHHHHbi Ghchhh Bajia). ripH 
y CTaHOB JieHHH 3a30p0B Me>I<Ay TOpAOM AaTHHKOB H 
BaJIOM HeoGxOAHMO HMeib B BHAy? HTO HeM MeHbnie 
GyAeT 3a3op, tcm Bbime GyAeT tohhoctb 3aMepoB. 
OAHaKO b cjiynae KacaHHH TOpijoM AaTHHKa 3a Ban 
noKa3aHHH GyAyT HenpaBHJibHbiMH. 

Bee ycTaHOBJieHHbie AaTHHKH cocahhhiotch no cxeMe 
C GjIOKOM nHTaHHH H OCAHJIJIOrpa(J)OM. IIpH 3TOM OHeHb 
Ba>Kiio, htoGbi b npoijecce HacTpoiiKH cxeMbi h npn 
AajibHeHHiHx H3MepeHHHX GbiJia CTaGnjibHan BejiHHHHa 
TOKa nHTaHHH h HeH3MeHHoe nojio>KeHHe rajibBaHOMeTpa. 


the shaft run-out at all the sectional areas under control 
simultaneously. 

This check can be made both prior to placing the 
power unit in operation, in which case the rotor is 
turned with the aid of a crane or any other facility, 
and while it is running under any conditions at no 
load or under load. 

The procedure is as follows. 

Four run-out transmitters (Nos 1, 2, 3, and 5) 
are to be fixed on stationary parts along the shaft 
line in one plane and at four cross-sections and speed 
transmitter 4 is to be fixed at the fifth cross-section 
(Fig. 182). 

The butt ends of the transmitters are to be first 
approached to the shaft till they come in contact with 
the latter and then micrometer head 5 (Fig. 183) is 
to be used to pull the rods of all the transmitters away 
from the shaft so as to leave a gap of about 1.5—2 mm 
(depending on the expected run-out). When setting a 
gap between the butt ends of the transmitters and the 
shaft, it shall be borne in mind that more accurate 
readings will be obtained at smaller gaps, but if the 
transmitter end comes in contact with the shaft, read¬ 
ings will be incorrect. 

All the transmitters engaged in the procedure are 
to be connected into a circuit incorporating a power 
pack and an oscilloscope. It is essential to maintain 
constant the supply current and the galvanometer 
position throughout the entire period of the circuit 
adjustment and in the course of further measurements. 
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HacTpoHKa cxeMbi cboahxch k noouepeAHoM xapn- 
poBKe Bcex ast^hkob c nocjreAyioiAHM B03BpameHneM 
Hx iiitokob b HcxoAHoe nojio>KeHHe. TapHpoBKa aut- 
UHKOB npOH3BOAHTCH BH3yaJIBH0, npH 3TOM C IIOMOIAbK) 
MHKpoMeTpmecKOH rojioBKH ycraHaBJiHBaioT noone- 
peAHO onpeAejieHHbie BejiHUHHbi 3a3opoB Me>i<Ay xop- 
AaMH a^t^hkob h BajioM, (J)HKCHpyH npH otom nepeMe- 
meHne Jiyua rajibBaHOMeTpa ocmijuiorpa^a npn i<a>K- 
AOM nOJIOJKeHHH A^T^HKa. CTyneHH H3MeHeHHH 3a3opoB 

peKOMeHAyeTCH 6paTB He 6ojiee 0,05—0,08 mm, ocxa- 
HaBJiHBancb Ha Ka>KAOH cryneHH no 5—8 c. TapnpoBKa 

npOH3BOAHTCH HeCKOJIBKHMH HOIOJIHHXeJIHMH C IIOMO- 
IAbK) XeJie<f)OHHOH CBH3H. IlOCJie B03BpameHHH HITOKOB 
AaTHHKOB B HCXOAHOe nOJIO>KeHHe MO>KHO npOH3BOAHTb 
ocAHJiJiorpa^HpoBaHHe npoijecca 6 hchhh. 

Ha ocAHJUiorpaMMe aoji>khbi hohbhxbch uexbipe 
npHBbie, xapaKTepH3yioiAHe BejmuHHbi Shchhh Bajia b 
Ka>KAOM 3aMepneMOM ceuemm. 

B 3to H<e BpeMH A&THHK oOopoxoB oxMeuaex Ha oc- 
AHjmorpaMMe npoxo>KAeHHe onpeAejieHHon HaMeueH- 
HOH TOHKH Ha BaJiy, HTO A^CT B03M0>KH0CTb OnpeAeJIHXB 
b jiio 6 oh MOMeHT BpeMeHH nojionceHHe iijiockocxh Han- 
60JIBHIHX H HaHMeHBIHHX BCJIHHHH 6 hCHHH. 

PaOoTa AaTHHKOB SneHHH ocHOBaHa Ha HcnojiB30Ba- 
hhh 3(J)(f)eKTa Xojijia, npn kotopom nojiyuaeMan BejiH- 
HHHa MarHHTHoro noTOKa, npOHH3biBaiom;aH AaxuHK, 
nponopAHOHajiBHa B03AymH0My 3a3opy Me>KAy nojiio- 
caMH nocroHHHoro MamHTa h BajioM. CxeMa H3Mepe- 
hhh paSoxaex Ha nocxonmioM Tone, Koxopbifi npeo6- 
pa3yeTCH H3 nepeMeHHoro xona 220 B c uacTOxofi 
50 Ta B SjTOKe IIHXaHHH. 

Bjiok nuTaHHH noAaeT hoctohhhbih tok k tokobbim 
ajieKTpOAaM AaTHHKa Xojuia, a xojuiOBCKoe Hanpn>Ke- 
HHe ot ApyroM napbi ojieKxpoAOB nepeAaeT Ha nuieficj} 
(ra jibb aHOMeTp) ocijHjuiorpa^a. 


r. IIPOBEPKA IIOJIO3KEHHH POTOPA 
rHflPOArPErATA othochtejibho 
HEnOABH>KHMX HACTEtt 

Ilocjie BbisepKH o6m;eH jihh Bajia rupoarperaTa 
H nOAOHBKH CerMeHTOB IIOAUHTHHKa, npH KOTOpOH OCB 
Bana poTopa rHApoarperaTa coBMemaercn c ocbio pacxou- 
kh b Kopnyce xypdnHHoro noAuinnHHKa, OKOHuaxejiBHo 
npoBepHiOT 3a3opbi n BbicoTHoe nojio>KeHHe no pa6o- 
neMy KOJiecy, jiaOnpHHTHbiM ynjioxHeHHHM n poTopy 
raAporeHepaTopa. 3xy npoBepKy BbinojiHHiox npn 
3a>KaTOM BepxHeM noAuiHiiHHKe rnAporeHepaTopa n 
HeycraHOBJieHHOM noAinnnHHKe rHApoxypdHHbi. Ecjxh 
KOHCT pyKAHen npeAycMOTpeHO Asa noAinnnHHKa Bajia 
rnAporeHepaTopa, xo oahh H3 hhx, HanOonee yAaJieH- 
Hbin ox noAnnxHHKa, npn sxom xan>Ke He ycxaHaBJin- 
Baiox. 

Tan naK npoBepna 3a3opoB no poxopy rnApoxyp- 
6 hhbi noApoSHO onncaHa b § 4-10, paccMOxpnM xojibko 
npoBepKy 3a30pos h BbicoxHoro nojionceHHH no poxopy 
mAporeHepaxopa. 


The circuit adjustment consists in an alternate 
calibration of the transmitters followed by resetting 
the rods of these transmitters in the original positions. 
The transmitters are calibrated visually, appropriate 
gaps being set by means of a micrometer head between 
the butt ends of the transmitters and the shaft, the motion 
of the galvanometer beam on the oscilloscope screen 
being noted for every position of the transmitters. 
It is good practice to vary the gaps in steps of not 
more than 0.05 to 0.08 mm hesitating at each step 
for 5 to 8 s. Calibration is to be carried out by several 
operators with the aid of telephone communication. 
Upon resetting the transmitter rods in the original 
position, the run-out process can be displayed on the 
oscilloscope screen. 

The oscilloscope should display four curves charac¬ 
terizing the shaft run-out at every sectional area under 
check. 

In the action, the speed transmitter labels on the 
curve the path of a definite point that is marked on 
the shaft. In this way, the sectional planes at which 
the run-out is at its maximum and at its minimum 
can be determined at any moment of time. 

The run-out transmitters depend for their operation 
on the Hall effect at which the magnetic flux through 
the transmitter is proportional to the air gap between 
the permanent magnet poles and the shaft. The measur¬ 
ing circuit operates on direct-current supply afforded 
by the power pack that is powered from 220-V 50-Hz 
mains. 

The power pack supplies direct current to the 
current electrodes of the Hall transmitter and transmits 
the Hall potential from the other pair of electrodes 
to the oscilloscope loop (galvanometer). 


D. CHECKING THE POWER 

If IS IT ROTOR POSITION IN RESPECT 

TO STATIONARY PARTS 

Upon having checked up the shaft line and fitted 
the thrust bearing segments in accurate position, dur¬ 
ing which the rotor shaft is aligned with the centre 
line of the turbine bearing housing bore, a final check 
is to be made of the gaps and vertical position against 
the turbine runner, labyrinth seals, and the generator 
rotor. This check is to be made with the generator upper 
bearing fixed and the turbine bearing not yet mounted. 
If the generator shaft is provided with two bearings, 
one of them, most distant from the thrust bearing, 
is not to be mounted either. 

Since the check-up of gaps against the turbine 
rotor has been described in detail under Section 4-10, 
the below description concerns only the check-up of 
gaps and the vertical position against the generator 
rotor. 
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YuHXbiBaH, uxo poxop THAporeHepaxopa nocjie Ha- 
BeCKH nOJHOCOB H paCKJIHHOBKH odOAa Ha cdopOHHOH 
iuiomaAKe npoBepnjiCH Ha KOHijeHxpHUHocxB BHeumeH 
OKpy>KHOcxn nomocoB no oxHomeHHio k Bajiy hjih 
nocaAOUHbiM pacxomcaM, a pacxouKa cxaxopa ao onyc- 
KaHHH b Hee poxopa — oxhochxcjibho och rHApoarpe- 
raxa, B03AyuiHbie 3a3opbi b rHAporenepaxope mohcho 
H 3MepHXB, He noBopauHBan poxopa Ha noAnnxHHKe. 
3a3opbi Me>KAy pacxouKOH cxaxopa h nomocaMH poxopa 
3aMepHiox npn noMOiim cneimajiBHoro pa3ABH>KHoro 
u^yna hjih MepHbix ahckob, npHBapeHHbix k npyxnaM 
cxajiBHoii npoBOJioKH. H3MepeHHe npoH3BOAHxcH no 
KancAOMy nojnocy b ero BepxHefi, cpeAHen h hhjkhch 
uacTHX xan, uxodbi myn jiohchjich Ha 3y6 aKXHBHoii 
cxajiH cxaxopa, a He Ha kjihh ero na3a. 

nocjie cocxaBJieHHH (JpopMyjiHpa 3a3opoB cxaxop h 
cooxBexcxBeHHo poxop acjihx Ha 8 hjih 12 paBHbix 
(no KOJiHuecxBy nojnocoB) nacxen, no KOxopbiM bmuhc- 
jihiox cpeAHeapH(|)MexHnecKyK) BejinunHy 3asopa h 
conocxaBJimox sxh BejiHHHHbi no BceM npoxHBOJie>Ka- 
IAHM cenxopaM. 

CpeAHeapH(J)MexHHecKHe 3HaneHHH 3a3opoB, noA- 
cuHxaHHbie no AuyM H3Mep chhhm Anyx npoxHBonojioHc- 
Hbix ceKxopoB, He AOJi>KHbi oxjinnaxBCH APyr ox Apyra 
6ojiee neM Ha 20%, a no oxacjibhbim nojnocaM — 6ojiee 
neM Ha ±10%. 

Ecjih npaBHJibHocxB 3aMepoB kohachxphhhocxh po¬ 
xopa h cxaxopa Bbi3biBaiox comhchhh, peKOMeHAyexcn 
3a3opbi Me>KAy hhmh 3aMepnxb npn noBopoxe poxopa 
Ha 360°, ACJian npn sxom 8 — 12 ocxaHOBOK. Hocjie 
i<a>KAOH ocxaHOBKH cjieAyex 3aMepnxb 3a3op MencAy 
oahhm h xeM nee nojnocoM h cxaxopoM b Mecxax ocxa¬ 
HOBKH axoro nojnoca, npoBepna (JjopMy cxaxopa. 

KpoMe xoro, nocjie i<a>KAOH ociuhobkh 3aMepmox 
3a3op b oahom h xom >i<e Mecxe pacxonKH cxaxopa, 
onpeAejnra sxhm <f)opMy poxopa. 

nojionceHHe cpeAHen jihhhh Bbicoxbi nojnocoB no 
oxHomeHHio k cpeAHeii jihhhh Bbicoxbi aKXHBHoii cxajiH 
poxopa onpeAeJiHiox 3aMepaMH paccxoHHHii ox tojiobok 
oSmoxkh nojnocoB ao BepxHeii h Hn>KHeii noBepxHocxeii 
KOJiBAa aKXHBHoii cxajiH cxaxopa. npn sxom oxKjipHeHHe 
cpeAHen jihhhh nojnocoB ox cpeAHeii jihhhh aKXHBHoii 
cxajm cxaxopa He aoji>kho 6bixb 6ojiee 0,5% Bbicoxbi 
anxHBHOH cxajiH cxaxopa. 

5-12, HAnPABJIHIOimiE 

no^uinnHHKH fuj^pofehepa- 

TOPOB 

A. UA3HAMEHHE II KOHCTPyKIJHH 

HanpaBJimoiAne noAuinnHHKH THAporeHepaxopoB 
BocnpHHHMaiox Ha ce6n AciicxBHe HHepAHOHHbix chji, 
Koxopbie B03HHKaiox BCJieACXBHe MexaHHnecKoro He6a- 
jiaHca poxopa, a xa ktkq MarHHXHoro HeSajiaHca H3-3a 
HepaBHOMepHocxH 3a3opoB b MenoKeJie3HOM npocxpaH- 


Since the generator rotor is checked up on the 
assembly floor, after mounting the poles, for concen¬ 
tricity of the outer circumference of the poles in respect 
to the shaft or to the locating bores and the stator 
bore is checked for concentricity in respect to the 
centre line of the power unit prior to lowering the rotor 
therein, the air gaps in the generator may be measu¬ 
red without turning the rotor on the thrust bearing. 
The air gaps between the stator bore and the rotor 
poles are to be measured with the aid of a special 
telescopic feeler gauge or disk flats welded to the 
strands of a steel wire. Measurements are made on 
each pole at the top, centre and bottom so that the 
feeler gauge is positioned on the tooth of the stator 
core and not on the wedge of its slot. 

After a record sheet is drawn up, the stator and 
the rotor are to be divided into eight or twelve equal 
parts (according to the number of poles) and the 
arithmetic mean is to be found from these measure¬ 
ments and compared with those of all the opposing 
sectors. 

The arithmetic means of the gaps found from two 
measurements of two opposing sectors must not differ 
by more than 20% and those of separate poles, by 
more than ±10%. 

If there is any doubt about the results of these 
measurements, it may be recommended to measure 
the air gaps between the stator and the rotor while 
turning the rotor through 360° and stopping it for 
taking measurements eight or twelve times. Each 
time after stopping the rotor the air gap must be mea¬ 
sured at the same pole, at the same time checking the 
stator shape at this point. 

Besides, each time after stopping the rotor it is 
necessary to measure the air gap at the same point 
on the stator bore thereby determining the rotor shape. 

The elevation of the centre line of the poles in res¬ 
pect to that of the centre line of the rotor core is to 
be determined by measuring the distances from the 
end portions of the field coils to the top and bottom 
surfaces of the stator core circumference. In this case, 
the deviation of the centre line of the poles from the 
centre line of the stator core shall not exceed 0.5% 
of the stator core height. 

5-12. HYDROGENERATOR 
GUIDE BEARINGS 

A. PURPOSE AND C ONSTRUCTION 

The guide bearings of hydrogenerators take inertia 
forces resulting from mechanical unbalance of the rotor 
and magnetic unbalance due to unequal air gaps bet¬ 
ween the stator and rotor of the hydrogenerator, 
exciter and pilot exciter. 
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CTBe Kan y caMoro rHAporeHepaTopa, Tan h y ero bo 3 - 
SyAHTejiH h noAB036yAHTejia. 

B THAporeHepaTOpax npuMemiiOT noAniHnHHKH 
CKOJIB>KeHHH C 3aJIHT0H 6a60HTOM nOBepXHOCTblO TpeHHH 
Ha BKJiaAbime. 

B noAinHiiHHKax, ycxaHOBjieHHbix no ABa hjih no 
OAHOMy Ha Ka>KAOM THAporeHepaTope, BKJiaABium co- 
Aepn<aT ABa cerMenra hjih 6ojibine. CMa 3 Ka TpymnxcH 
noBepxHocTen ocymecTBJiHeTCH hjih npHHyAHTejiBHo ot 
Hacoces, hjih caMOCMa3biBaHHeM, KorAa cerMeHTbl ny- 
naiOTCH b BaHHe, HanojiHeHHOH MacjioM. Macjio oxjianc- 
AaercH name Bcero boahhbim oxjiaAHTeJieM, KOTopbiH 
npn npHHyAHTejitHOH CMa3Ke HaxoABTCH BHe BaHHbi 
no AnHTHHKa, a npn caMOCMa3biBaHHH — HenocpeACT- 
BeHHO BHyTpH MaCJIHHOH BaHHbi. BKJiaAblUIH (cerMeHTbl) 
noAuiHnHHKOB pacnojiaraiOTCH oSbihho b BepxHen h 
HH>KHeH KpeCTOBHHaX, HMCH OnOpy B BHAe pa3 beMIIblX 
KJiHHOBbix njiHT, njiHT c peryjiHpyioiimMH npoKjiaA- 
KaMH, onopHbix Sojitob h Apyrnx ynopHbix ycxpoiiCTB. 

B THAporeHepaTopax 30HTHHHoro ncnojiHeHHH oahh 
H 3 noAuiHnHHKOB THAporeHepaTopa oSbihho coBMemeH 
c y 3 JiOM no AnHTHHKa. HeKOxopbie KOHcxpyKimn Tanoro 
xnna THAporeHepaTopoB BOoSiqe hmciot tojibko oahh 
T aKOH noAninnHHK. 

B OTenecTBeHHOM rnAporeHepaTOpocTpoeHHH npn- 
MeHHIOTCH nOAUIHnHHKH C KynaiOIAHMHCH B MaCJie 
caMoycTaHaBJiHBaioiAHMHCH cerMeHTaMH c bhhtobbimh 
onopaMH h oxjiaAHTejiHMH Macjia, pacnojio>KeHHbiMH 
HenocpeACTBeHHO b MacjiHHoii BaHHe (pnc. 184). 

B, MOHTA)K nOflUlIinHHKOBBIX Y3J10B 

IloAniHnHHKOBbie y3Jibi THAporeHepaTopoB moh- 
xnpyiOT nocjie OKOHnaTejiBHOH BbiBepKH jihhhh Bajia 
H AeHTpHpOBaHHH poTopa THApQarperaTa. Ilpn 3 tom 
peKOMeHAyeTca bbmo jihhtb paSoTBi b cjieAyiomeM 
nopHAKe. 

He yCTaHaB jihb an noAuinnHHKa rHAP 0 Typ 6 nHbi h 
HH>KH ero reHepaTopHoro noAninnHHKa, BKJiaAbiniH 
BepxHero reHepaxopHoro noAmnnHHKa ynopaMH roioTHo 
npHH<HMaioT k Bajiy; npn stom no HHAHKaTopaM, ycra- 
HOBJieHHbiM k Bajiy, cjieAHT 3a TeM, htoSbi Baji He cShjich 
H 3 CBoero AeiiTpajiBHoro noJio>KeHHH. Y rHAporeHepa- 
TOpOB C SOJIBHIHM HHCJIOM CemeHTOB AOCTaTOHHO npH- 
>i<aTb TOJibKo TpH-neTbipe cerMeHTa. 

Ilocjie 3a>KaTHH Bajia cerMeHTaMH 3aBOAnx noAmnn- 
HHK rHApOTypSHHbl CnOCoSoM, p aCCMOTp eHHbIM B 
§ 4-13, h Ha 3a3opbi Men<Ay ero TpymHMHCH nacTHMH 
COCTaBJIHIOT (|)OpMyjIHp. 

3aTeM MOHTHpyiOT HH>KHHH nOAUinnHHK THApOre- 
HepaTopa. npH stom 3a30pbi BbicTaBJiHiOTCH c yneTOM 
BcerAa HMeiomeiiCH HeKOTopon HepaBHOMepHocTH 3a30- 
poB no TypSnHHOMy noAUiHiiHHKy, T.e. Tan, htoSbi 
och pacTonen BKJiaABimeH TypSnHHoro h reHepaTop- 
Horo noAHiHnHHKOB cosnaAaJiH Me>KAy co 6 oh. 

YcxaHOBHB h oTperyjinpoBaB no 3a3opaM noAuinn- 
hhk THApoTypSHHbi h hh>khhh reHepaTopHbiH nOAHIHn- 
hhk, npncTynaiOT k peryjinpoBKe 3a3opoB no Bepx- 
HeMy reHepaTOpHOMy noAinnnHHKy. 

Ecjih BepxHHH reHepaTopHbiH noAninnHHK HMeeT 
cerMeHTbi, KpoMe ynce ycTaHOBJieHHbix h npnHcaTbix 


The hydrogenerators are fitted with sleeve bearings 
where the friction surface of the bearing shell is lined 
with babbit. 

Where one or two bearings are used on a generator, 
the bearing shells are composed of two or more seg¬ 
ments. The rubbing surfaces are either force lubricated 
by means of pumps or self-lubricated, in which case 
segments are immersed in an oil bath. Oil is cooled 
in most cases by a water cooler mounted outside the 
bath in the case of force lubrication or within the 
bath when self-lubricated. The bearing segments (shells) 
are usually arranged in the top and bottom brackets 
of the spider and are supported by split wedge-like 
plates, flats with adjusting shims, thrust bolts, and 
other supporting devices. 

In umbrella-type generators one of the generator 
bearings is usually coupled with the thrust bearing 
unit. In some generators of this type there is only 
one such bearing. 

Soviet-made hydrogenerators are manufactured with 
self-aligning and self-lubricating segments, screw sup¬ 
ports, and oil coolers mounted within the oil bath 
(Fig. 184). 

B, INSTALLATION OF BEARING ASSEMBLIES 

Bearing assemblies of hydrogenerators are to be 
installed after the shaft line is finally checked up and 
the power unit rotor is centered off. The installation 
procedure is as follows. 

While the turbine bearing and the lower bearing 
of the generator are not yet mounted, the shells of the 
generator upper bearing shall be tightly fitted to the 
shaft with the aid of hold-down clips; in the action, 
the dial gauges mounted on the shaft shall be obser¬ 
ved to make sure that the shaft centering is not distur¬ 
bed. Where the bearing incorporates a great number 
of segments, it will be sufficient to clip the shaft with 
only three or four segments. 

After the shaft is clipped with segments, the turbine 
bearings is to be mounted following the procedure 
described under Section 4-13, and a record sheet of 
clearances between its rubbing surfaces is to be 
drawn up. 

Thereupon, the generator lower bearing is to be 
mounted. In the action, the clearances are to be ad¬ 
justed with allowance for some degree of non-unifor¬ 
mity of clearances on the turbine bearing, that is, so 
that the centre lines of the bores of shells in the turbine 
and generator bearings were aligned. 

After the turbine bearing and the generator lower 
bearing are mounted and their clearances are adjusted 
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k Bajiy, to CHanajia peryjinpyiOT 3a3opbi bhobb ycxa- 
HOBJieHHbix cemeHTOB, a paHee ycTaHOBJienHbie pery- 
jinpyiOTCH b nocjieAHioio ouepeAB. 

IIpHeMbi p eryjiHp obkh 3a3opoB Me>KAy BKjiaABima- 
mh (cerMeHTaMH) h BajioM no BepxHeMy h HH>KHCMy 
reHepaTOpHOMy noAiHHnHHKaM jym pa3JiHUHbix koh- 
CTpyKIJHH y3JIOB noAHiHnHHKOB B OCHOBHOM CBOAHTCH 
k cjieAyiomeMy. 

B KOHCTpyKAHHX nOAUIHIIHHKOB C OnOpOH BKJiaABI- 
meii Ha napHbie njiHTbi, HMeiomHx conpnraeMbie no- 
BepxHocTH b BHAe BcxpeuHbix KjiHHteB, 3a3opbi pery- 
JIHpyiOT C nOMOHJBK) 3THX KJIHHOBbIX nJIHT. IIpH He- 
paBHOMepHblX 3a30pax B COnpHHCeHHHX c BajIOM TbUIb- 
Hyio cTopoHy onopHoro KJiHHa mJimJjyioT hjih npumi- 
jiHBaiOT HannjibHHKOM. 3a3opbi BKJiaAbimen noAumn- 
HHKOB, HMeiOIAHX OnOpy B BHAe OnOpHOH nJIHTbl H 
peryjiHpOBOHHbix nponjiaAOK, peryjinpyiOT 3 a cueT 
othx npoKJiaAOK h cooTBexcTByioiueH o6pa6oTKH noBepx- 
HOCTH onopHbix nJIHT. 

B noAinHnHHKax c bhhxobbimh onopaMH 3a3opbi 
Me>KAy cerMeHTaMH h BajioM peryjinpyiOT noAHcaTHeM 
HJIH OCB06o>KAeHHeM onopHbix BHHTOB. npH 3TOM 
BHauajie Bee cerMeHTbl npn noMoum BcnoMoraxejibHbix 
OTH<HMHbix Sojitob npHJKHMaioT njiOTHO k Bajiy, npo- 
BepHH no ycTaHOBjieHHbiM k Bajiy HHAHKaxopaM, HTo6bi 
Baji npH npH>KaTHH He cmccthjich H3 CBoero itempajib- 
Horo nojio>KeHHH. 3axeM, BBepTbrnan hjih BbmepTbi- 


it is required to set appropriate clearances in the gene¬ 
rator upper bearing. 

If the generator upper bearing has more segments 
than those already mounted and clipped to the shaft, 
the newly installed segments are to be the first ones 
where clearances shall be adjusted. 

The procedure of adjustment of clearances between 
the shells of the upper and lower bearings of genera¬ 
tors for different types of bearing assemblies is as 
follows. 

Where the bearing shells are supported by paired 
opposing wedges, clearances are to be adjusted by 
means of these wedges. In the event of non-uniform 
clearances at the mating surfaces, the rear side of the 
supporting wedge is to be filed off or ground. Where 
the bearing shells are supported by a plate with adjust¬ 
ing shims, clearances are to be adjusted by varying 
the number of shims and by appropriate finishing of 
the plate surface. 

In bearings with screw supports, clearances between 
the shaft and the segments are to be adjusted by tighten¬ 
ing or releasing the supporting screws. In the process, 
first all the segments are tightly fitted to the shaft by 
means of auxiliary puller bolts. In the process, the dial 
gauges mounted on the shaft shall be observed to 
make sure that the shaft has not displaced off its 
centre position. The desired clearance is then to be 
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BaHHH onopHBie bhhtbi, ycraHaBJiHBaK>T TpefiyeMtra 
3a30p mokay ccJjepHuecKOH noBepxHOCTtio fiojrra h 
onopHOH iuiHTOH. Ilocjie 3Toro BcnoMoraTejibHbie 6ojitli 
bbib epTbiBaioT Ha 5 — 10 mm, pacKOHTpHBaiOT BcnoMO- 
raxejibHtie h onopHbie Gojitbi h OKOHHaTejibHO npoBe- 
pHK)T 3a30pbl. 3a30pBI B HanpaBJIHK)Hj;HX nO^HIHIIHHKaX 
He ,niOJi>KHBi oTJiHHaTtcH ot npoeKTHbix 6oJiee, HeM 
Ha ±10%. 

Ilocjie Toro Kan cerMeHTbi 6yAyT OKOHnaTejiBHO 
OTperyjiHpOBaHbi h pacKOHTpeHbi, ycraHaBJiHBaiOT h 
HcnbiTbiBaiOT Ha npoTeuny MacjiooxjiaAHTejiH, mohth- 
pyK)T TepMOKOHTpojib h npoBepnioT conpOTHBJieHne 
H30JIHIJHH OT nOAHIHIXHHKOBblX TOKOB. T HApaBJIHUeCKOe 
HcnbiTaHne ycTaHOBJieHHbix b BaHHe MacjiooxjiaAHTeneH 

np0H3B0AHTCH b TeneHHe 60 mhh AaBJieHHeM 3,5— 

4 Krc/CM 2 . Conp OTHB JieHHe H30JIHIJHH OT nOAIHHIIHHKO- 
Bbix tokob no TY Ha MOHTa>K rH^poarperaxoB ^oji>kho 
6biTb He MeHee 0,3 MOm. 

y Oe^HBIHHCb B HaflOKHOCTH MacjiooxnaAHTejieH, 

h3ojihahh ot noAiHHnHHKOBbix tokob h Bcex Kpenne- 
HHH, a TaKHCe B OTCyTCTBHH noCTOpOHHHX npe^MeTOB 
h nbuiH, MacjiHHyio BaHHy CAaiOT no aKTy no# 3a- 
KpblTHe. 

IIpH 3aKpbITHH BaHHbl HeofixOAHMO CJieAHTb 3a 
miOTHOCTbK) conpnraeMbix noBepxnocTen h ynnoTHHio- 
iijhx ycTpoMcTB c xeM, htoObi nocne 3anojiHeHHH BaHHbi 
MacnoM He GbiJio npoTenen. 

5-13. KPECTOBBHBI 
THAPOrEHEPATOPOB 

A. HA3IIAME1IHE II KQHCTpyKIJHSl 

BepxHne h hhhchhc KpecroBHHbi THAporeHepaTopOB 
npeACTaBJiHiOT co6oh onopHbie KOHCTpyKu,HH, KOTOpbie 
noAAepHCHBaioT BpainaioinnecH h HenoABH>KHbie nacrn 
THApoarperaTa. 

Ha BepxHefi KpecxoBHHe, KaK npaBHJio, pacnono- 
nceH y3en BepxHero noAumnHHKa THAporeHepaTopa, a b 
noABecHOM THne rnAporenepaTOpOB — h noAnHTHHK 
rHApoarperaTa. KpoMe Toro, Ha Hefi HaxoAHTCH Tpasepca 
KOHTaKTHbIX KOJieiJ pOTOpa, CTaTOpbl B036yAHTeJIH H 
noAB036yAHTejin, craTOpbi b cnoMoraTe jibhoto h pery- 
jiHTopHoro reHepaTOpOB. Y rHApoarperaTOB c noBO- 
poTHo-nonacTHOH THApoTypSHHoii Ha Heii pacnojionceH 
eme h y3en MacjionpneMHHKa. BepxHHH KpecTOBHHa, 
CKpenjieHHan c BepxHHM (J)JiaHu;eM Kopnyca CTaTopa, 
npHAaeT eMy AonojiHHTejitHyio hccctkoctb h cnyncHT 
KapnacoM aji^ ycTaHOBKH BepxHHx nepeKpbiTHH h 
B 03AyX0pa3AeJIHK>mHX IAHTOB. 

Ha KOHAax jian hhjkhch KpecroBHHbi rHAporeHepa- 
Topa oObiHHo pa 3 MemaiOTCH T 0 pM 03 a rHApoarperaTa, 
KOTopbie oAHOBpeMeHHO cJiyncaT h AOMKpaTaMH rjix 
noAT>eMa poTopa npn peBH 3 HHx noAnHTHHKa h b Apy- 
rnx cjiynanx. B ijeHTpajibHofi nacra KpecTOBHHbi Haxo- 
AHtch y 3 en noAuninHHKa, a b 3 ohthhhom rane rompo- 
reHepaTopon stot y 3 en, KaK npaBHJio, coBMeinaeTcn c 


set between the spherical face of the bolt and the sup¬ 
porting plate by turning in or out the supporting 
screws. This done, the puller bolts shall be turned 
out by 5 to 10 mm, the puller and supporting bolts 
unlocked and the clearances are checked up again. 
The clearances in guide bearings shall not differ from 
specified values by more than ±10%. 

After the segments are finally adjusted and unlocked, 
oil coolers are to be mounted and tested for leakage. 
Then temperature controllers are to be installed and 
the resistance of insulation between the bearing shells 
and the shaft neck is to be measured. Oil coolers 
installed within the oil bath are to be given a hydraulic 
test for 60 min at a pressure of 3.5 to 4 kgf/cm 2 . The 
resistance of insulation between the bearing shells 
and the shaft neck, as specified for hydrogenerators, 
is not to be lower than 0.3 MOhms. 

Having made sure that the oil coolers are service¬ 
able, the bearing insulation and all the fastenings are 
in good condition, the oil bath is to be handed over 
for closing with a special report being drawn up. 

While closing the oil bath, care shall be taken to 
make sure that the mating surfaces are tightly fitted 
and the seals are reliable so that after the bath is filled 
with oil, any leakage is excluded. 

543. IJYDROGENERATOR SPIDER 

brackets 

A. PURPOSE AND CONSTRUCTION 

The top and bottom brackets of the hydrogenera¬ 
tors are essentially supporting structures for the rotating 
and stationary parts of the hydropower unit. 

The top bracket usually mounts the upper bearing 
assembly of the generator and in the case of an over¬ 
hung construction it also carries the thrust bearing. 
It mounts, in addition, the slip-ring brush yoke and 
the stators of the exciter, pilot exciter, auxiliary gene¬ 
rator and generator regulator. In power units with a 
Kaplan turbine the top bracket also mounts the oil 
header. The top bracket fastened to the upper flange 
of the stator frame affords additional rigidity and 
functions as a frame for accommodating the top 
ceilings and the air bafflers. 

Arrange at the ends of the bottom bracket. legs 
are usually the hydropower unit brakes that function 
at the same time as jacks for lifting the rotor to provide 
access to the thrust bearing for inspection and other 
purposes. The central part of the bracket mounts the 
bearing assembly. In umbrella-type generators the 
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Phc. 185. BepxHHH KpecTOBHHa nyqeBoro Tuna: 
l — ijeHTpajibHaa ^acTt; 2 — nanbi; 3 — pacnopHtifi aom- 
k pax; 4 — y3eji noAiimnHHKa; 5 — iiitikJjt jianti 


Fig. 185. Upper bracket of spider type: 

1 — central part; 2 — feet; 3 — thrust jack; 4 — bearing ele¬ 
ment ; 5 — foot pin 


nOAnHTHHKOM. KpOMe Toro, HH>KIIHH KpecTOBHHa Bbl- 
noJiHneT pout KapKaca, Ha KOTopbifi ycraHaBJiHBaiOT 
nepeKpbiTHH maxTbi rHApoTypfiHHbi. 

B COBpeMCHHblX KOHCTpyKE(HHX THAporeHepaTopOB 
y3eji HHHOieH KpecroBHHbi 3aMeHeH jierKofi KOHcrpyK- 
ijHefi, Ha KOTopofi pasMerqeHbi tojibko nepeKpbiTHH 
maxTbi rHApoTypfiHHbi, TaK KaK TopM03a 6ojibmen 
uacTBio HaxoAHTCH HenocpeACTBeHHo Ha SeTOHHOM Mac- 
CHBe, a noAnHTHHKH — hjih Ha Kpbime rHApoTypfiHHbi, 
hjih Ha BepxHefi KpecTOBHHe. 

Kan BepxHioio, TaK h iih>kiiiok) KpecroBHHbi H3ro~ 
tobjihiot jiyneBoro hjih MOCTOBoro rana. KpecTOBHHa 
jiyneBoro rana coctoht H3 ijeHTpajibHofi uacra h paB- 
HOMepHO pacnpeAejieHHbix no OKpyjKHocTH paAnajiLHbix 
jian, KOTopbie npnKpenjieHbi k AempajibHon nacra 
GojITaMH H UITH(J)TaMH (pHC. 185). Y KpeCTOBHH MOCTO- 
Boro rana ochobhoh Hecyinen KOHCTpyKAHefi cjiy>KHT 
CBapeHHbiH BMecTe c neHTpajiBHon nacTbio moct. 

JIanbi KpecTOBHH A^JiaioT oSbinHo H3 6ajiOK AByTas- 
pOBoro ceneHHH c pa3MepaMH, cootb eTCTBy ioiabmh 
Harpy3KaM. 

Eojiee THHcejibiMH Kp ecTOB HHaMH hbjihiotch rpy3o- 
Hecymne, TaK KaK Ha hhx pacnojio>KeH no ahhthhk , 
KOTopbiH b ocnpHHHMaeT Ha ce6n Bee oceBbie Harpy3KH, 
ot Beca BpamaioiAHxcH nacTen rHApoarperaTa h ot 
peaKAHH BOAbi. 


bearing assembly is usually built integral with the thrust 
bearing. The bottom bracket also functions as a frame 
for accommodating the turbine well ceilings. 

In modern constructions of hydrogenerators the 
bottom bracket assembly is replaced by a light structure 
accommodating only the turbine well ceilings as the 
brakes are in most cases arranged on the concrete 
foundation and the thrust bearings, on the headcover 
or on the top bracket. 

The top and bottom brackets are available of a 
spider or a bridge type. The spider-type bracket consists 
of a central part and uniformly spaced radial arms 
bolted or pinned to the central part (Fig. 185). The 
main bearing structure of a bridge-type bracket is a 
bridge welded integral with the central part. 

The arms of the brackets are usually made of 
I-section beams of sizes corresponding to the expected 
loads. 

Load-carrying brackets are made heavier as they 
mount the thrust bearing which takes all axial thrusts 
due to the mass of rotating parts of the power unit and 
due to water reaction. 
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rpy30Hecytqne BepxHHe KpecTOBHHbi jiyueBoro rana 
c y3JiOM noAnHTHHKa h craTopa B036yAHTejnLnoKa3aHbi 
Ha phc. 186. 

E« MOBTAm KPECTOBHH 

MoHTa>K KpeCTOBHH O0BIHHO HaUHHaiOT c yKpyriHH- 
TeJIbHOH ctSopKH HX 3 JieMeHTOB Ha cSopOHHOH iuionjaAKe 
H 3aKaHHHBaiOT nOCJie yCTaHOBKH H KpenneHHH B03Ay~ 
xopasAeJiHiOEHHx iijhtob h nepeKpbiraH. OKOHHaHne 
MOHTanca KpecTOBHH o6biuHo coBna^aeT c OKOHHaHHeM 
ocrajiBHBix pa6oT no raApoarperaTy, nocjie kotopbix 
mApoarperaT totobht k nycny. K cSopKe KpecTOBHH 
Ha cSoponHOH njion^aAKe npeA bhbjihiotch Te >Ke Tpe- 
SoBaHHH, HTO H K c6opKe 3 Be 3 flBI poTopa (cm. § 5-7). 
npn MOHTa>Ke KpecTOBHH Ha CBoeM MecTe HaAO ocoSchho 
BHHM aTejIbHO CJieAHTb 3a HX nOJIOHCeHHeM OTHO CHTeJIbHO 
OCH H BbICOTHbIX OTMeTOK, a T3K>KC 3a KpenjieHHHMH K 
OCHOBaHHHM y C>6H3aTeJIbHO (J)HKCHpyH HX HITH(J)TaMH. 
flonycTHMbie otkjiohchhh ot npoeKTHbix pa3MepoB h ot 
npoeKTHbix OTMeTOK npHBeACHbi b Ta6ji. 16. 


The load-carrying top brackets of the spider-type 
mounting the thrust bearing and the exciter stator are 
illustrated by Fig. 186. 

B. INSTALLATION OT BRACKETS 

The brackets are usually installed starting from 
the assembly of their elements into larger units on the 
assembly floor and finished by mounting and fixing 
the air bafflers and ceilings. The installation of brackets 
is completed in most cases at the same time as all the 
other pre-start jobs on the hydropower unit. Require¬ 
ments to the assembly of brackets of an assembly 
floor are the same as those to be met when assembling 
the rotor spider (see Section 5-7). When mounting 
the brackets in their working position, particular 
attention shall be given to their positioning with respect 
to the axis and elevations as well as to their fixation 
on the base by means of pins. Permissible deviations 
from design dimensions and elevations are to be found 
in Table 16. 



Phc. 186. rH^poreHepaTOpbi no#- 
BecHoro rana c jiyneBbiMH rpy30He- 
CymHMH ° BCpXHHMH KpeCTOBHHaMH 
(BpaTCKan T3C) 


Fig. 186. Overhung hydrogenerators 
with upper brackets of spider type 
(Bratskaya hydroelectric power plant) 
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T a 6 ji h n a 16 


flOIiyCKII HA MOHTAHC HHJKHEH H BEPXHEfl KPECTOBHH TH/JPOrEIIEPATOPA 


ripOBCpHCMbie nOJIOHteHHH H pa3MepbI 

MecTO 3aMepa 

BeJIHHHHa OTKJIOHCHHH, MM 

IIojiOHceHHe no BbicoTe othochtcjilho (jjjiamja Bajxa 
TypSHHbi: 

OnopHOH KpeCTOBHHM 

IIjIOCKOCTb yCT3HOBKH OCHOBaHHH notf- 

nHTHHKa 

2 

noAHepjKHBaiomeH KpecTOBHHbi c HanpaBJiaio- 

1AHM nOAUimiHHKOM 

r0pH30HTaJIbHaH OCb yCTaHOBOMHbIX Gojitob 

BKJiaflbima HanpaBJiHioiunx no^munmiKOB 

3 

noAflepHCHBaiomeH KpecTOBHHbi 6e3 HanpaBJiHio- 

mero noAmmiHHKa 

Coochoctb sajia arperaTa; 

riJIOCKOCTb Rjm yCTaHOBKH B036y>KAeHHH 

3 

OnopHOH KpeCTOBHHbl 

Ot och Bajia #o pacTouKH no# ocHoeaHHe 

noAnHTHHKa 

1,5 

HHOKHeii noAA^pHCHBaiomeii KpecTOBHHbi 

Ot och Bajia Sokoboh noBepxHocTH 

me3Aa BKJiaAbima HanpaBJiniomero noji- 

iimnHHKa 

1,5 

noAMepHCHBaioiAe^ KpecTOBHHbi 6ea HanpaBJinio- 

mero no^uiHHHHKa 

Ot och Bajia #o pacTounu uojj, Kopnyc Mar- 

HHTHOH CHCTCMbl 

1,5 

rOpH30HTaJIbHOCTb 

BepxHHH o6pa6oraHHaH nnocKocTb neHTpajib- 
HOH naCTH KpecTOBHHbi. y OnopHOH KpecTO¬ 
BHHbi — nnocKocTb ajih ycTaHOBHH pery- 

jiHpyeMoro nofliHHiiHHKa 

0,2 Ha 1 m flnaMeTpa npoTouKH 


Table 16 

TOLERANCES FOR THE INSTALLATION OF GENERATOR TOP AND BOTTOM BRACKETS 


Positions and dimensions under check 

Place of measurement 

Tolerance, mm 

Vertical position in respect to turbine shaft flange: 



thrust bracket 

Surface to receive thrust bearing base 

2 

supporting bracket with guide bearing 

Horizontal axis of locating bolts of guide 

hearing shell 

3 

supporting bracket without guide bearing 

Surface to receive exciter 

3 
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Positions and dimensions under check 

Place of measurement 

Tolerance, mm 

Alignment of power unit shaft: 

thrust bracket 

From shaft axis to thrust bearing base bore 

1.5 

bottom supporting bracket 

From shaft axis to side surface of guide 
bearing shell seat 

1.5 

supporting bracket without guide bearing 

From shaft axis to field frame bore 

1.5 

Levelling-off 

Upper finished surface of bracket central 
part. For thrust bracket, surface to receive 
self-aligning bearing 

0.2 per 1 m of groove dia¬ 
meter 


KpoMe coGjiioflemra b npe^ejiax ^ony cthmbix 3na- 
hchhh npoeKTHBix oTMeTOK h Apyrnx AaHHbix, npn 
MOHTa>Ke BepxHHx KpecTOBHH c pacnHpaeMMMH b 6eTOH 
AOMKpaTaMH (pHC. 185) CJieAyeT OCoSeHHO BHHMaTCJIBHO 
OTHeCTHCb K IiaTHry 3THX AOMKpaTOB. 06*bHCHHeTCH 
3to TeM, hto nocjie nycna ra^poarperaTa Bee ero y3Jibi, 
b tom HHCJie h jianbi KpecTOBHHbi 3 HarpeBaacb, pacinn- 
Phiotch 6ojiLiue ? neM 6eroH. IIoaTOMy pacnopHbie aom- 
KpaTbi BMHHaioToi b SeTOH, h cTaTop yMeHbiiiaeT >KecT- 
koctb, uto pe3Ko y b e jihhhb aeT ropH30HTajn>Hbie bh6- 
paijHH yCTaHOB jichhoS Ha cTaTope KpecTOBHHbi. 

OKOHnaTejibHbiS Harar AOMKpaTOB peKOMeHAyeTcn 
npoH3BOAHTb nocjie HeKOToporo BpeMenn paSoTbi rnnpo- 
arperaxa, npn TeMnepaType ciaTopa h KpecTOBHHbi, 
6 jih3koh k padonen. 

ripn noATH>Ki<e AOMKpaTOB HaAO ko bccm jianaM 

KpecTOBHHbi yCTaHOBHTb HHAHKaTOpbl, a noATHTHB3Tb 
HeoSxoAHMo TaK, HToSbi He 6biJio HHKaKHX nepeMeme- 
HHH BepXHeH KpecTOBHHbi h BMecxe C Heio pOTOpa 
rHApoarperaTa. 


In addition to the observance of design elevations 
and other limiting tolerances, the installation of top 
brackets with jacks taut strut in concrete (Fig. 185) 
shall be carried out with particular attention being 
given to the tightening of these jacks. This is essential 
because after the power unit is started all its parts, 
including the arms of the brackets, heat up and expand 
to a greater extent than concrete. As a result, the taut 
strut jacks are pushed into the concrete and the stay 
ring rigidity is reduced thereby causing an abrupt 
increase in the horizontal vibrations of the bracket 
mounted on the stay ring. 

Prior to fully tightening up the jacks, it will be 
good practice to allow the power unit to run for a 
certain period of time at a temperature on the stay 
ring and bracket approaching the working tempera¬ 
ture. 

Prior to tightening up the jacks, dial gauges shall 
be mounted on all the arms of the bracket. In the 
process, measures shall be taken to exclude any motion 
of the top bracket assembled with the power unit rotor. 


MOHTAJK r0PH30HTAAbHbIX THAPOArPErATOB 

6 INSTALLATION OF HORIZONTAL 
HYDROPOWER UNITS 


6-1. OEJUHE 3AMEMAHHH O 
MOHTA2KE 
T0PH30HTAJILHBIX 
rHftPOAFPErATOB 

IIpH MOHTa>Ke ropH30HTajibHbix rHApoarperaTOB 
noAroTOBHTejibHbie padoTbi, a TaKHce TpeSoBamiH k 
MOHTancy 3aKjiaAHbix nacreM h k SeroHy, conpnraeMOMy 
c hhmh, aHajiornuHbi paSoTaM h Tp e6oB bhhhm npn 
MOHTance BepTHKajibHbix rHApoTypdHH h rHAporeHepa- 
TOpOB (cm. § 4-1 — 4-3, 5-1 h 5-2). 

Hrone paccMOTpHM OTAeJibHbie Bonpocbi moht3>k- 
Hbix padoT no HeKOTOpbiM y3JiaM ropH30HTajibHbix 


6-1. GENERAL INFORMATION 
ON THE INSTALLATION 
OF HORIZONTAL HYDROPOWER 
UNITS 

The procedure of installation of horizontal hydro- 
power units, as far as preparatory work, requirements 
to the installation of embedded parts and to the con¬ 
crete adjacent to them are concerned, is similar to 
that used in the installation of vertical turbines and 
generators (see Sections 4-1—4-3, 5-1 and 5-2). 
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rHApoarperaTOB, TexHOJiornH b bino jihchhh KOTopbix 
cymecTBeHHO OTJiHuaeTcn ot TexHOJiornH padoT, npn- 
MeHHeMoii npn MOHTa>Ke sthx >Ke y3jioB BepTHKajibHbix 
rHApoarperaTOB. 

MoHTanc onopHbix nacTen poTopos ropH30HTajn»Hbix 
rHApoarperaTOB npoH3BOAHTCH c 6ojiee bbicokhmh Tpe- 
SoBaHHHMH KaK no coSjuoAeHHio TpedyeMOH coochocth, 
TaK h no codjiiOAei-mio JiHHeiiHbix pa3MepOB Me>KAy hx 
nonepeuHbiMH ochmh. 

IIIadpeHHe BKJiaAbiinen noAniHnHHKOB h ueHxpn- 
poBaHHe jihhhh Bajia y ropH30HTajibHbix arperaTOB 
np 0 H 3 B 0 AHTCH C SoJIbHieH TOHHOCTbK), neM y BepTH¬ 
KajibHbix, a paSoTbi no ycTaHOBKe poTopa arperaTa 
BbinojiHHiOTCH coBepmeHHO no-HHOMy. HeodxoAHMOCTb 
CTpororo co6jiioachhh jiHHeimbix pa3MepoB Me>KAy 
OnOpHbIMH naCTHMH poTopa AHKTyeTCH TeM, HTO pOTOp 
npn HarpeBe THApoarperaTa, yAJiHHHHCb, mo>kct nepe- 
MemaTbCH npn HajiHHHH ynopHoro noAHinnHHKa (noA- 
nuTHHKa) TOJibKO b OAHy cropoHy, a 6e3 Hero — b o6a 
HanpaBJieHHH no jihhhh Bajia ao cooTBeTCTByioiuHx 
(jjHKCHpyiomHx SypTHKOB Ha BKJiaAbimax noAHinnHH- 
KOB, OCTaiOIAHXCH npaKTHUeCKH HenOABH>KHbIMH. 

IIpeA bHBJineMbie noBbimeHHbie TpeSoBamin k ina6- 
peHHio h peryjinpoBKe BKJiaAbiineii noAniHnHHKOB 
odyCJIOBJIHBaiOTCH TeM, HTO y ropHSOHTaJIbHbIX THAPO- 
arperaTOB no ahihhhhkh, dyAyun onopHbiMH, ncnbiTbi- 
BaiOT 6ojibmyio Harpy3Ky, HencejiH y BepTHKajibHbix, 
rAe noAHiHnHHKH hbjihiotch TOJibKO HanpaBJinmiijHMH. 

B cbok) ouepeAb noBbimeHHbie Harpy 3 KH Ha noA- 
HiHnHHKH oSycjiOBjiHBaiOT Sojiee >i<ecTKiie xpedoBaHnn 
k ijeHTpHpoBaHHK) BajioB, a HajiHHHe y Bajia c Haca- 
>KeHHbiM Ha HeM pOTopoM ecTecTBeHHoro npornSa 
TpeSyeT ocodoro noAxoAa k sthm padoTaM. 

3ACCb Taione 3HauHTejibH0 cjio>KHee BbinojiHHeTCH 
padoTa no ycTaHOBKe poTopa h npn stom TpedyiOTca 
AonojiHHTejibHbie ycrponcTBa, HanpHMep b BHAe Tejie- 
>KeK, nporaBOBecoB h Apyrax MOHTa>KHbix npncno- 
codjieHHH. 


6-2. MOHTA3K OnOPHbIX 
UACTEH 

IlepeA HauajioM MOHTa>i<a onopHbix nacTen Ha Mecxe 
ycTaHOBKH THApoarperaTa HeodxoAHMO HaMeTHTb h 
3ac[)HKCHp0BaTb ero rjiaBHyio h nonepenHbie och . 
TjiaBHOH ocbio ropH 30 HTajibHoro THApoarperaTa hbjih- 
ctch npoAOJibHan ocb Z, npoxoAHiuan uepe3 ocb Bajia. 
IIonepeHHbie och Y{Y z h t.a. pacnojio>KeHbi nepneH- 
AHKyjIHpHO K npOAOJIbHOH OCH H npOXOAHT ohh nepe3 
nonepeuHyio ocb Kanoro-Jindo y3Jia THApoarperaTa 
(ocb cnHpajibHoii KaMepbi, ocb poTopa reHepaTopa). IIo- 
jio>KeHHe npoAOJibHOH h nonepenHbix ocefi (JpHKCHpyeT- 
CH pHCKaMH, HaHOCHMbIMH Ha npOTHBOnOJIO>KHbIX CKO- 

dax, 3aAejibiBaeMbix b deTOHHOM ocHOBaHHH. 

IIpaBHJibHOCTb HaHeceHHH phcok npoBepniOT no 
CTpyHaM, KOTopbie HararnBaiOT c noMombio rpy3a 
nepe3 djion Me>KAy sthmh CKodaMH, coBMeman crpyHy 
c pncKaMH Ha CKodax. 

IIpoAOJibHaH h nonepeunan och arperaTa nocjie 

IIpOBepKH HBJIHIOTCH HCXOAHOH da30H npH M0HT3>Ke 
Bcex onopHbix nacTen ropH30HTajibHoro arperaTa. 


There are, however, some essential differences in 
the techniques used for some parts of horizontal units. 

In the installation of supporting parts of the hori¬ 
zontal unit rotor a greater emphasis shall be placed 
on the accurate alignment of the shaft and on the 
linear dimensions between their cross-axes which shall 
be closely kept within specified limits. 

A greater accuracy is also required in scraping the 
bearing shells and centering the shaft line. A quite 
different technique is used for mounting the unit 
rotor. Linear dimensions between the rotor supporting 
parts must be strictly kept within specified limits be¬ 
cause the rotor of a running unit heats up and elonga¬ 
tes; in the process, it can move only in one direction 
when there is a thrust bearing or in both directions, 
when a thrust bearing is not provided, over the shaft 
line till it is stopped by respective retaining bosses 
on the bearing shells which are practically motionless. 

More accurate scraping and adjustment of bearing 
shells is required because the bearings of horizontal 
units take heavier thrusts than those of vertical units 
where they function as guide bearings only. 

Heavier thrusts on the bearings, in their turn, 
require more accurate centering of the shaft line and 
a special approach to the procedure is caused by a 
natural sag of the shaft mounting the rotor. 

The procedure of the rotor installation is also 
more complicated and involves additional facilities, 
such as, trucks, balance weights, and miscellaneous 
mounting fixtures. 


6-2. INSTALLATION OF SUPPORTING 
PARTS 

Prior to starting the installation of supporting 
parts, it is necessary to mark out and draw the main 
and transverse axes of the hydropower unit on its instal¬ 
lation site. The main axis of a horizontal power unit 
is axis X that coincides with the centre line of the shaft. 
The transverse axes Y l9 Y 2 , etc. are normal to the main 
axis and coincide with the cross-centre line of any 
part of the unit (scroll chamber, generator rotor). 
The position of the longitudinal and transverse axes 
is marked out on U-frames embedded in the concrete 
foundations on opposite sides. 

The marks are checked up for correct application 
by means of wires stretched between the U-frames by 
means of a plumb bob and a pulley block. The stretched 
wire must be aligned with the marks on the U-frames. 

The longitudinal and transverse axes, upon being 
checked up, will serve as reference bases for mount¬ 
ing all the supporting parts of the horizontal unit. 

Foundation slabs and other supporting structures 
are to be placed under the scroll chamber, the turbine 
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B COOTB eTCTBHH C MOHTa>KHbIMH HepTOKaMH HJIH 
pacqeTHbIMH MOHTa>KHbIMH CXCMaMH yCTaHaBJIHBaiOTCH 
4>yHAaMeHTHbie njiHTbi hjih Apyrae onopHbie KOHCTpyK- 
Ahh no a cnnpajibHyK) KaMepy n CTaTop TypSnHbi, noA 
cxaxop reHepaiopa h Kopnyca no^inniiHHKOB. 3Aecb, 
KpoMe BbinojraeHHH Tpe6oB aHHH , npeA t>hb jraeMbix k 
MOHTa>Ky onopHbix nacren b epTHKajiBHbix nmpoarpe- 
raTOBj oco6oe BHiiMaHiie hco6xoahmo ofipamaxB Ha 
nojzoHceHHe sthx onopHbix nacTen baojib jihhhh Bajia, 
CTporo coSjnoAaH 3aAaHHBie ycraHOBOHHbie pa3Mepbi. 
IIpH 3TOM HeoSxOAHMO yHHTBIBaTB B03M0)KHbie BCJIH- 
HHHbi TeMnepaTypHoro yAJMHeHHH Bana poTopa arpe- 
raTa npn pa6oTe h ero CBofioAHoro oceBoro pa3fiera 
npH nycne c TeM, htoBbi npH stom He 6buio npenHTCT- 
bhh 3TOMy yAJiHHeHHio h 3aAaHHOMy nycKOBOMy pa36ery 
co cropoHbi onopHbix nacTeii. 3 AecB TaioKe onem* 
Ba>KHo BbiAep>KaTB 3aAaHHoe pacneTOM nojio>KeHHe 
na>KAoro noAiHHnHHKa othochtcjibho npoAOJiBHon och 
nan b njiaHe, xaK h no ropH30Hxajra. OxioioHeHne och 
pacxoHKH noAixiHriHHKa ox och b iuiaHe 6y act Bbi3biBaxb 
BpeAHbie BHSpaqHH poxopa arperaxa h onop. Oxkjiohc- 
HHe OX 3aAaHHOrO nOJIOJKeHHH OXHOCHXeJIBHO ropH30H- 
xaJiH, KpoMe HCKpHBJieHHH Bajia, conpoBOJKAaioiAerocH 
xan>Ke BHSpaAHHMH, npHBeAex eme h k neperpy3Ke 
oxAejibHbix onopHbix hoauihiihhkob 3a cnex pa3rpy3KH 
coceAHHx. 

Kopnyca noAuinnHHKOB ycxaHaBJiKBaioxcn h npeA- 
BapHxejiBHo ujeHxpHpyioxcH xaKHM o6pa30M, htoSbi ocb 
pacxoHKH noA BKJiaAbiuiH coBnaAana c rnaBHon ocbio 
arperaxa. ITpoBepnexcH axo coBnaAeHHe 3aMepaMH 
mxnxMaccoM ox oceBOH cTpyHbi ao noBepxHocxn pacxon- 
kh. IIo a ocHOBaHHe Ka>KAoro Kopnyca noAinnnHHKa 
ycxaHOBJiHBaioxcH peryjmpoBonHbie npoKJiaAKH, ko- 
xopbiMH nocjie noAXH>KKH Kopnyca k 3a6exoHHpoBaH- 
HbiM iniHxaM h nocjie oKOHnaxejibHoro AeHxpnpoBaHHH 
jihhhh Bana peryjiHpyexcn BbicoxHoe nojioH<eHHe Kop¬ 
nyca. 

IHxH(jjxoBKy Kopnyca k njinxe peKOMeHAyexcn npo- 
h3boahxb nocjie OKOHnaxejiBHoro AeHxpHpOBaHHH jihhhh 
Bajia h peryjinpoBaHHH BKJiaAbiineH noAniHiiHHKa, T.e. 
nocjie OKOHnaxejiBHoro ijeHTpHpo b3hhh poxopa thapo- 
arperaxa. 


6-3. UIABPEHIiE BKJIA^BIUIEH 
nomuonHHKOB 

TaK KaK b ropH30HxajiBHbix raApoarperaxax ycjio- 
bhh pa6oxbi noAuiHnHHKOB 6ojiee xn>Kejibie, neM b 

BepTHKaJIBHblX , HMeiOIAHX 3HanHXeJIBH0 MeHBUIHe yACJIB- 
Hbie Harpy3KH, niaSpeHne hx BKJiaAbiineH hco6xoahmo 
npoH3BOAHXb 6ojiee xmaxejibHO h no Apyron xexHOJio- 
thh. B ropH30HxajibHbix arperaxax ocoSeHHO xHHcejibie 


stay ring, the generator stator, and the bearing housings 
in compliance with mounting drawings or design layout 
diagrams. In addition to the requirements for the 
installation of supporting parts of vertical units, parti¬ 
cular emphasis shall be placed on the arrangement 
of these supporting parts along the shaft line with 
fitting dimensions being strictly observed. In the 
process, allowances shall be made for probable ther¬ 
mal elongation of the rotor shaft in the course of 
operation and for its free axial play at starting so that 
the supporting structures were not in its way in the 
case of its elongation and axial play. It is also essential 
to keep each bearing at a position specified by calcu¬ 
lations relative to the longitudinal axis both in plan 
and in the horizontal plane. Any deviation of the 
centre line of the bearing bore will cause undesirable 
vibrations of the unit rotor and supporting structures. 
Any deviation from the desired horizontal level will 
cause some of the bearings to take more than their 
share of thrust while the other ones will run under¬ 
loaded, in addition to the angularity of the shaft line 
which also causes vibrations. 

The bearing housings are to be mounted and roughly 
centered so that the centre line of the bore to receive 
the shell is aligned with the main axis of the unit. 
This alignment is to be checked with a pin gauge 
by measuring the distances from the main line stretched 
wire to the surface of the bore. Adjusting shims are 
fitted under the base of each bearing housing. These 
shims are used for the adjustment of the vertical 
position of the housing after it is pulled to the 
embedded slabs and the shaft line is completely 
centered off. 

The bearing housing is to be pinned to the slab 
after the shaft line is completely centered off and the 
bearing shells are properly set in position, that is, 
after the power unit rotor is finally centred off. 


6-3. SCRAPING 

THE BEARING SHELLS 

Since the bearings of horizontal units are meant 
for operation under more severe conditions than those 
of vertical units where specific loads are much lighter, 
their shells must be scraped more thoroughly and using 
quite a different technique. Heaviest thrusts are taken 
in horizontal units by the bottom shell in the course 
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Harpy3KH BbiAep>KHBaex hhhchhh BKJiaABim b nepHOA 
nycKa arperaxa, xaK KaK xporaHHe arperaxa c Mecxa 
npaKXHnecKH npoH3BOAHxcn npn nojiycyxoM xpeHHH 
xpyiAHXCH noBepxHocxeii meiiKH Bajia h BKjiaABima. 
JJjih Jiynmero h Sbicxporo o6pa30BaHHH MacjiHHOH 
noAymKH b nepHOA nycKa h 6ojiee cxaSnjiBHoro coxpa- 
HeHHH ee b npou,ecce paboxw maSperoie BKJiaAbimen 
noAinHnHHKOB peKOMeHAyexcH npoH3BOAHx& xaK, bto6bi 
BH yxpeHHHH pacxoHKa BKjiaABima 6biJia cxporo koh- 
AeHxpHHHa och, a A^aMexp ee 6bui 6omuie meiiKH Bajia 
Ha BejiHHHHy 3aAaHHoro AnaiviexpajibHoro 3a3opa Me>KAy 
BKJiaABimeM h meiiKOH Bajia. 3Ta peKOMeHAaijHH MO>Kex 
fibixb ycneuiHO BbinojiHeHa b tom cjiynae, KorAa rna- 
SpeHHe BKJiaAbiineH SyneT npoH3BOAHTLca He no men- 
KaM Bajia, a no cnennajibHO a Jin stoh qejin BbiToneH- 
hbim 6ojiBaHKaM, A^aMeTpoM bojibine cooxBeTCTByiomHx 
meeK Bajia Ha BejiHHHHy AnaMeTpajibHbix 3a3opoB. 
IIIeHKH Bajia poTopa, yCTaHOBjieHHoro Ha pacuiabpeH- 
Hbie TaKHM cnocoboM BKjiaABiniH, (j)aKTHnecKH nepeA 
nycKOM 6yAyT onHpaTbcn na jihhhh KacaHHH co BKJiaAw- 
meM. B 3tom cjiynae b momcht nycna arperaxa cyxoe 
TpeHHe b TpymHxcH napax 6yAeT tojilko Ha jihhhh, h 
6yAyT co3AaHbi 6ojiee SjiaronpHHTHbie ycjiOBHH Ann 
MmoBeHHoro 3a6opa meiiKOH Bajia MacjiHHoro KJiHHa Ha 
BKJiaAbiui h BcnjibiTHH poTopa arperaTa Ha MacjiHHyio 
noAyniKy. B to >Ke BpeMH Hajinnae paBHOMepHoro Kpy- 
roBoro 3a3opa Me>KAy meiiKOH h BKJiaAbiineM co3AaeT 
6ojiee bjiaronpHHTHbie ycjiOBH h ajih coxpaHeHHH CTa- 
Shjibhoh MacjiHHOH noAyniKH noA meiiKOH Bajia. 

n P H mabpeHHH BKJiaAbiineH no CBoen rneiiKe Bajia 
noBepxHOCTb BKJiaAbiina npeACTaBjineT co6oh He ah- 
jihhap, a jiOMaHyio noBepxHOCTb o6pa3yeMyio Aejion chc- 
TeMOH Ayr c paAnycaMH, paBHbiMH paAHycy uiefiKH 
Bajia. B stom cjiynae npn nycne noHBJineTCH BectMa 
Sojibiuan 30Ha nojiycyxoro hjih cyxoro TpeHHH. KpoMe 
Toro, HajiHHHe Ha noBepxHocTH BKJiaAbiina rpedeniKOB 
BMecro njiaBHOH oKpy>KHocTH MeinaeT o6pa30BaHHio h 
coxpaHeHHio MacjiHHOH noAyniKH Me>KAy meiiKOH Bajia h 
BHyTpeHHeii noBepxHocrbio BKJiaAbiina. IIoaTOMy ina- 
SpeHne BKJiaAbiineH no uicukc Bajia mojkho npoH 3 BO- 
AHTb TOJibKo jiHHib npn 6ojiluihx A^aMexpax nieeK 
(600 mm h Sojiee), rAe Hajiunne HeOojibniHx rpefieniKOB 
Ha nosepxHOCTH BKJiaAbiina 0Ka3biBaeT Memuiee BpeA- 
Hoe BJiHHHHe h, KpoMe Toro, npn SojibuiHx AnaMeTpax 
nieeK H3roTOBJieHHe cneAHajibHbix OojiBaHOK 3aTpyA- 
HeHO. 

CjieAyeT otmcthtb, hto c xeneHneM BpeMeHH skc- 
njiyaTaAHH (nocjie MHO>i<ecTBa nycKOB) bo BKJiaAbiinax, 
pacniabpeHHbix no cneAHajibHOH OojmaHKe, BHH 3 y 06 - 
pa3yeTcn HeKOTopan BbipaOoTKa, yBejinnKBaioiAan npn 
nycne njioinaAb TpeHHH, hto npemiTCTByeT mthob eHHOMy 
safiopy Macjia inefiKOH Bana. IIoaTOMy BKJiaAbiuiH 
noAiUHnHHKOB no HCTeneHHH HenoToporo BpeMeHH 
(2—3 roAa) b 3aBHCHMOCTH ot nacroTbi nycKOB 
arperaTa hcoOxoahmo noABepraxb nepeuiaOpHBaHHio 
no cneAHajibHOH OojiBaiiKe. 

B KOHCTpyKAHHX nOAUIHnHHKOB C BectMa SoJIbUIHMH 
Harpy3KaMH hhotas npeAycMaTpHBaeTCH noAana Macjia 
non AaBJieHHeM noA uiefiKy Bajia nepeA nycKOM arpe¬ 
raTa. 


of starting as the power unit breakaway actually takes 
place at semi-dry friction of rubbing surfaces of the 
shaft journal and the shell. In order to ensure a better 
and faster formation of an oil cushion during the 
starting period, and to retain this cushion throughout 
the entire running period, the bearing shells should 
be scraped so that the inner bore of the shell is strictly 
concentric relative to the axis and its diameter is greater 
than that of the shaft journal by the desired value of 
the diametral clearance between the shell and the 
shaft journal. This requirement can be easily met if 
the shells are scraped on an oversize block specially 
made for the purpose and not on the shaft journals. 
The journals of a rotor shaft mounted in shells scraped 
in this way will actually rest during the pre-start period 
on the tangential lines at the shells. When this is the 
case, dry friction between rubbing surfaces during the 
starting period will occur only on this line and more 
favourable conditions will be afforded for the shaft 
journal to instantaneously carry the oil wedge onto 
the shell and for the unit rotor to rise to the surface 
of the oil cushion. Moreover, a uniform circular gap 
between the journal and the shell contributes to the 
retaining of a stable oil cushion under the shaft journal. 

When a shell is scraped on its journal, its surface 
is not round but rather rough due to a number of 
arcs with radii equal to the journal radius. In such 
a case, a rather large area of dry and semi-dry friction 
appears at starting. Moreover, an undulated surface 
of the shell instead of a smooth round circumference 
does not allow the formation and maintenance of the 
oil cushion between the shaft journal and the inner 
surface of the shell. That is why, scraping of bearing 
shells on their shaft journals shall be admitted only 
in the case of large diameters of journals (600 mm and 
larger still) where small undulations on the surface 
will not produce such a harmful effect. Besides, with 
large diameters of journals making special blocks is a 
problem. 

It should be noted that in the course of operation 
after a great number of start-ups a certain hollow 
is formed due to wear in shells scraped on an oversize 
block. This hollow enlarges the friction surface at 
starting and interferes with instantaneous catching of 
oil by the shaft journal. Therefore, the bearing shells 
shall be subjected to re-scraping upon the expiration 
of a certain period of time (2 or 3 years, depending 
on the frequency of starts) on a special block. 

Sometimes provision is made for supplying oil 
under the shaft journal under pressure prior to starting 
the unit. This can be provided only for units whose 
bearings are expected to take very heavy thrusts. 


327 































6-4. TEXHOJIOrHHECKHE IlPHEMbl 
MOHTAHCA POTOPOB 
TOPH 30HTAJIEHETX 
IMAPOArPErATOB 


A. BAPHAHTfcl MOUTA3KA 


B 3aBHCHM0CTH OT KOHCTpyKIJHH rHAP oar P eraTOB H 
HaJiHHHH rpysonoA'BeMHbix cpe^cTB Ha cTponreJibCTBe 
ycTaHOBKa poTopa ropH30Hxajn>Horo raApoarperaxa 
MOH<eT npOH3BOAHTCH p a 3 JitHBiMH y3JiaMH jih6o yKpyn- 
HeHHblMH SjIOKaMH. 

B nepBOM cjiynae BHanane oSbihho ycxaHOBJiHBaexcn 
Baji TypSHHbi, pabonee KOJieco, a saxeM poTop reHepa¬ 
Topa. CoeAHHeHHe BaJIOB arax pOTOpOB npOH3BOAHXCH 
nocjie BbiBepKH hx oSmen jihhhh. Bo bxopom cjiynae 
BHaqane ycxaHaBJiHBaexcn paGonee KOJieco xypGHHti c 


BajioM, a 3axeM poTop reHepaxopa c BajioM. 

Ha MHoroarperaTHbix T3C HHorA a Ha cSopoHHbix 
njiomaAKax ycxpaHB aexcn cneimajibHbm ctcha? na ko- 
topom coGnpaioxoi bocahho Gojree KpynHbie Gjtokh; 
paGonee KOJieco xypGnHbi c BanoM, poTop reHepaTopa 
c B3JIOM B cxaxop renepaxopa. IIocJieAHHH pacKpenjinex- 
CH c poxopoM cneBHaJibHbiMH ycxpoftcxBaMH hjih npo- 
KJianKaMH, vcxaHaB jihb aeMMMH mokay noJiiocaMH poxo- 


pa h pacxoBKoft cxaxopa. ripoK-iaAKii npH>KHMaioxcH k 
>K ejie3y cxaxopa ciieniiajiMiMMu oxjkhmhbimh GojrraMH, 
nponycKaeMbiMH nepea noniocbi poxopa. 

CGopua poxopa reHepaxopa co cxaxopoM npoH3BO- 


AHXCH B r 0 pH 30 HXaHbH 0 M nojiOHceHHH c saBOAKOH poxopa 
B cxaxop hjih B BepxHKajibHOM c nocjieflyromeft kbhtob- 
koh axoro y3Jia b ropH 30 Hxajn>Hoe nojiojKeroie. 

Ecjih KOHCxpyKAHH cxaxopoB xypGmi h reHepaxopoB 
pa3beMHbie, xo poxopbi hjih yKpynHeHHbie y3Jiw ycxa 
HaBJiHBaioxcH oGbihhbim oiocoGom Ha 3apaHee Bbicxa- 
BJieHHbie h npeABapHXC.ii.no oxneirrpnponanHi.ie hh>k- 
HHe nojioBHHbi BKJiaAbiuieH iiojiiiihiihukob. IIpH Hepa- 
3 beMHbix KOHCxpyKAHHX cxaxopoB poxopbi B HHX 3a- 
boahxch oahhm H3 onHCbiBaeMbix HH>Ke cnocoGoB. 


6-4. METHODS FOR INSTALLATION 
OF ROTATING PARTS 
OF HORIZONTAL 

hydropower units 

A. ALTERNATIVE INSTALLATION 

Depending on the construction of hydropower 
units and availability of handling equipment at the 
project, the rotating parts of the horizontal hydropower 
units can be installed in place in separate components 
or in pre-assemblies. 

In the former case, the turbine shaft and next 
the runner are usually installed first and then follow 
the installation of the generator rotor. The shafts 
are coupled after checking on the general alignment 
of the coupled shafts. In the latter case, first the runner 
with the shaft is lowered in place and then the rotor 
with the shaft. 

At multi-unit hydropower developments, a special 
rig is sometimes set up on the assembly floor to put 
together the runners with the shafts, rotors with the 
shafts and stators. The latter is secured to the rotor 
by means of special devices or spacers installed between 
the rotor poles and the stator bore. The spacers are 
pressed against the stator core with special puller 
bolts passing through the rotor poles. 

The rotor and the stator are assembled together 
in the horizontal position with the rotor driven into 
the stator, or in the vertical position. In the latter 
case the assembled generator must be then turned 

in the horizontal position. 

If the stay rings and the stators are of a split con¬ 
struction, the rotating parts of the turbine and gene¬ 
rator or pre-assemblies are installed in place by the 
conventional method on the pre-set and aligned lower 
halves of the bearing shells. If the stators and the stay 
rings are integral pieces, the rotating parts are inserted 
by one of the methods described below. 


‘ | 



Phc. 187. Pacnojio>KeHHe Ha TJiaB- 
hom reHepaTope pOTOpa h craxopa 
BcnoMoraTejibHoro reHepaTopa: 

1 — poTop; 2 — cTarap 

Fig. 187. Auxiliary generator rotor 
and stator mounted on the main 
generator: 
i — rotor; 2 — stator 


328 


ft VCTAHOBKA POTOPA TVPBHHM U 
CTATOP 

PoTop rHApoTyp6 hhe>i bo Bcex cjiynanx yAo 6 Hee 
Bcero 3apaHee coSpaxb Ha cSopoMHoil imomaAKe b ynpyn- 
hchhbih Sjiok: paSonee KOJieco, Baji h MaxoBHK, ecjin 
nocAeAHHH npeAycMOTpeH KOHcxpyKimeH, h 3thm 6jio- 
KOM yCTaHaBJIHBaTB B CTaTOp. OAHaKO 3T0 M03KH0 ACJiaXb, 
ecjiH no3BOJiHeT KOHcxpyKimn arperaTa h KorAa Ha 
T3C HMeetCH KpaHOBoe oflopyAOBaHHe Tpe 6 yeM 0 H 
rpy3ono a x>eMHOCXH. 


npH jiio6om cnocoSe MOHxanca poTopa BHanajie 
AOJIHCHbl 6bITb yCTaHOBJieHbl HH>KHHe nOJIOBHHKH BKJia- 
AbimeH noAHinnHHKOB b Kopnyca hoahihiihhkob , 3a- 
KpenjieHHbie k (JjyHnaMeHXHBiM iuiHxaM h npeABapn- 
TejibHo opHeHTHpoBaHHbie no CTpyHe. 

He paccMaTpHBaa MOHTa>K paSomix KOJiec KOBuiOBbix 
TypSuH BBHAy hx npocxoxni, nepeitAeM k MOHTa>Ky pa- 
6ohhx KOJiec paAHajibHo-oceBbix h noBopoxHO-jionacx- 
Hbix THApoTypSHH. HpH ycTaHOBKe pabonero KOJieca 
paAHajibHo-oceBOH hjih iiOBopoxHO-jionacxHOH rHApo- 
TypSnHbi BMecre c BajioM k ero (fmaHijy oSbihho Kpennx- 
CH IIpOTHBOBeC 3 TaK HT 06 bI 3TOT y3eJI, SyAyHH 3acrpo- 
njieHHbiM b AByx Tonnax 3a Ban, HMeJi paBHOBecne. 


H. INSERTING THE RtfNNTCR AND SHAFT 
\SS 1 jV 1 BI \ riNTO THE STAY RING 

Under all conditions, it is much easier to pre- 
assemble the runner and shaft together on the assembly 
floor (the runner,, shaft, and flywheel, if the latter is 
provided by the design) and this assembly is then 
to be inserted into the stay ring. This can be done, 
however, if the construction of the unit makes it pos¬ 
sible to do so and if adequate hoisting equipment is 
available in the powerhouse. 


Whatever method of installation is used, however 
first the lower halves of the bearing shells must be 
installed in the bearing housing to be secured to 
the foundation plates and oriented from a piano 
wire. 

Without dwelling on the installation of bucket 
turbine runners we pass over to the installation of 
runners of Francis and Kaplan turbines. When the 
runner of Francis or Kaplan turbines is installed 
jointly with its shaft, a counterweight is usually 
attached to its coupling flange to attain equilibrium 
of the assembly which has two slings secured to 
the shaft. . 



Phc. 188. TopH30HTajii>HaH pa- 

jjHajitHo-oceBaa TypSnua: 

I — OTcactiBaiomaH Tpy6a; 2 — otbo- 
flnmee KoneHo; 3 — KOHyc; 4 — Hanpa- 
BjiaiomHH annapaT; 5 — paSo’ree kojicco;. 
6 — 33.JXH.H.H. KpbiuiKa; 7 — cnHpajibHan 
Kaiwepa; 8 ■ — nepe/iHHH KpbiuiKa; 9 — 
Ban; 10 — noAuiHnHHK - 1 

I — BbinycK B03^yxa npa: nycne Typ6nHbi 

II — noAa^ia boam H3 ^>Hjn>Tpa 


Fig. 188. Horizontal-radial-axial 
hydraulic turbine: 

I — draft tube; 2 — elbow; 3 — cone; 
4 wicket gate; 5 — runner; 6 —■ back 
coyer; 7 — scroll case; 8 — front cover; 
9 — shaft; 10 —■ bearing 

/ — air exhaust during start-up; 

II — water supply from filter 
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Ilocjie 3aBOAKH paGouero KOJieca b craTop nojio>Ke- 
Hue ero othochtcjibho och (J)HKCnpyercH MepHbiMH npo- 
KJiaAKaMH Ha HapyncHOM oGoAe KOJieca. 

B KOHCTpyKIJHHX rHApOTypGHH, He II03B0AHI0IAHX 
ycTaHaBJiHBaxt paGonee KOJieco BMecre c BajioM 
(pnc. 188), BHanajie o6bihho ycraHaBJiHBaiOT Ha BKJiaAbim 
noAiHHnHHKa h MOHTa>KHyio noACTaBKy Baji, a 3aTeM k 
H ewy uepe3 OTBepcrae b 3aAHen KpbiniKe TypGnHbi 
noABOAHT paGonee KOJieco. Bajx nepeA y craHOBKQH pa- 
Gouero KOJieca ijeHTpHpyioT no JiaGnpHHTHOMy ynjioT- 
HeHHio. Jfjin ycraHOBKH paGouero KOJieca oGmuho npn- 
MeHHiOT cneimajiBHbie npHcnocoGjieHHH, no3BOJiHK)iime 
njiaBHo noATHraBaTB KOJieco k Bajiy npn coxpaHeHHH 
ero 3aAaHHoro uonomcmm othochtcjibho och arperaTa. 


B* VCTAIIOBKA POTOPA rEHEPATOPA 
B CTATOP 

CpaBHHTeABHO KpynHbie ropH30HTajiBHbie rnApore- 
HepaTopbi nocTaBjiHiOTCH Ha crpoHTejiBCXBa OTneJiBHbi- 
mh 3JieMeHTaMH. 3 th sjieMeHTbi Ha MecTe ycraHOBKH 
coSnpaiOTCH b oaho ijejioe, 3aKpenjiHeMoe oGbiuho Ha 
MeTajuiHHecKOH paMe, 3aAejibiBaeMOH b MaccHBHbiH 6e- 
TOHHblH (J)yHAaMeHT. 

H 3 Bcex MOHTa>KHbix onepamm no reHepaTopy Han- 
GoJiee cjio>khoh hbjihctch 3aB0AKa poTOpa b craTop, 
Tan nan npn stom TpeGyeTCH Bbmep>KHBaTB BecBMa Bbi- 
COKyiO TOHHOCTB H npOHBJIHTB HCKJHOHHTeJIBHyiO aK“ 
KyparaocTB, htoGbi He noBpeAHTB jioSoBbie nacra h cep- 
ACHHHK CTaTOpa. BbinOJIHHTB 3TH yCJIOBHH npH 3HaHH- 
TejiBHo Gojibihhx Becax h raGapmax poTopa npn cpaBHH- 
TeJiBHO ManoM B03AyniH0M 3a3ope — cepbe3Han 3aAaua. 

Ilocjie oKOHnaHHH ocHOBHbix MOHTa>KHbix paGoT no 
TypSnHe, Ban kotopoh npHHHMaeTCH 3a HanajiBHyio 
HcxoAHyio 6a3y npn MOHTance reHepaTopa, yCTaHaB jihb a- 
eTcn Ha cboh (J)yHAaMeHT craTop reHepaTopa. Oh ach- 
TpnpyeTCH othochtcjibho Bajia TypGnHbi h pacroueK 
no a BKJiaABiiHH noAninnHHKOB reHepaTopa. Potop 3a- 
boahtch b craTop o6biHHO c noMonjBio cneAnajiBHoro 
yAJiHHHTeAH, npHKpenjiHCMoro k kohay Bajia. K npaHy 
poTop BHanane ctpoiihtch jih6o 3a Sonny (pnc. 189, a), 
jihGo 3a Baji h yAJiHHHTejiB (pnc. 189, 6). B tom h ApyroM 
cjiynae noA CTpon noAKJiaAbiBaeTCH MflrKan no akJ iaAna. 

Ilocjie ycraHOBKH CTaTopa Ha ineiiKe Bajia poTopa 
coSnpaeTCH onopHbiii noAinnnHHK, KOTopbin npn nepe- 
CTponne poTopa BbinojiHHer pojiB noAAepHCHBaiomeH 
onopbi. ^ItoSbi poTOp bo BpeMH 3aB0AKH b craTop He- 
npoBopanHBajicn, noA nieiiKy Bajia ero Ha BKjiaAMui 
craBHT npeccmnaHOByio nponjiaAKy. FEoa onopy noA- 
HIHHHHKa nOAKJiaAbIBaiOT CTaJIBHOH JIHCT, KOTOpblH npH 
3aBOAKe poTopa ckojib3ht BMecre c onopon no CMa3aH- 
hoh Ba3ejiHHOM paMe. ^ItoGbi bo BpeMH oceBoro nepe- 


After driving the runner into the stay ring, its 
position with respect to the center line is maintained 
with the aid of shims installed round the runner shroud. 

If the construction of the turbine does not allow 
the runner to be installed jointly with the shaft 
(Fig. 188), initially the shaft is mounted on the bearing 
shell and on the erection pedestal and then the runner 
is moved to the shaft through the opening in the rear 
turbine cover. Prior to installing the runner, the shaft 
is centered against the labyrinth seal. Special devices 
are usually used in the installation of the runner which 
enable the runner to be pulled to the shaft maintain¬ 
ing its pre-set position with respect to the unit cen¬ 
ter line. 


C- INSERTING THE ROTOR INTO THE 
STATOR 

Relatively large horizontal generators are shipped 
to the project site in separate pieces. These parts are 
assembled together in one piece which is secured to 
the steel frame embedded in a solid concrete foun¬ 
dation. 

Driving the rotor into the stator is the most com¬ 
plex operation in the erection of the generator because 
fairly high accuracy must be maintained and extreme 
care must be exercised to avoid damage to the end 
windings and the stator core. Meeting these require¬ 
ments with heavy masses and large sizes of the 
rotor and a relatively small air gap is a serious 
problem. 

On completion of main installation work on the 
turbine whose shaft is taken as a reference in the 
installation of the generator, the stator is lowered 
on the foundation. The stator is centered in respect 
to the turbine shaft and to the bores for the generator 
bearing shells. The rotor is usually pushed into the 
stator with the aid of a special extension piece secured 
to the shaft end. The crane slings are initially attached 
either to the barrel (Fig. 189, a) or to the shaft and 
extension piece (Fig. 189, 6). In either case, some soft 
padding must be provided under the sling. 

Once the stator has been installed, the journal 
bearing is assembled on the shaft journal. This bearing 
serves as a support in re-slinging the rotor. A press- 
board pad must be placed on the bearing shell under 
the shaft journal to prevent the rotor from turning 
when being inserted into the stator. A steel plate is 
inserted under the bearing pedestal, which in driving 
the rotor into the stator, slides together with the pedestal 
on the frame lubricated with petroleum jelly. Special 
stop blocks are welded to the plate to prevent the 


330 



IS 


a) 



| . i 


E 





<toh: 


rnrir. 


S) 


7777. 77777777777777777777? ///7/S/)//// 7/7/77^777777777/ 


E 


Ha 




. csiir 

HlHo _ 

* gnnr 

■ 


h777777777777 77^ 77777>7 ?77 7777 777. 




mm*. 


77777/ V7777777W7777777777777>777. 




mm* 


clllll| IIIIto . 




777777777777777777777777777777777777777 . 


m 


. gJIllI lIMy. . 




S 




Phc. 189. 3Tam>i 3aBOMKH poTopa b craTop: 

a — 3 acTponKa 3 a oonny poTopa ; 6 — 3 acTponKa 3 a KOHijbi Bajia 
IV — k Kpany 


7/////7/777777?7777/W7777/777777777/7, 


Fig. 189. Stages of rotor threading into stator: 

n —slinging through rotor barrel; f* — slinging through shaft ends; 
IV — to crane 


MemeHHH poTopa onopa He Moraa cocKOJiB3HyTB c Jincra, 
Ha HeM npHBapHBaiOTCH cneyHajiBHBie ynopti. OceBoe 
nepeMemeHHe poTopa ocymecTBjiHioT tcjiokkoh npaHa, 
noMoran hhotau TaABio, 3acTpomieHHOH 3a Kopnyc noA- 
IHHnHHKa H KaKOH-JIHdo HKOpB B GeTOHe. IIpH OCeBOM 
nepeMemeHHH poTopa hcoGxoahmo BecBMa BHHMarejiBHO 
cjieAHTB 3a TeM, htoGbi bo Bee BpeMH nepeMemeHHH 
3a30p Me>KAy CTaTOpOM H pOTOpOM 6bIJI paBHOMepHBIM , a 
caMO nepeMemeHHe nponcxoAHJio 6e3 pbibkob c nnaB- 
HblM CKOJIBHCeHHeM pOTOpa C onopon H CTaJIBHbIM JIHCTOM 
no cMa3aHHoii Ba3ejiHHOM paMe reHepaTopa. 

KaK TOJIBKO KOHeit yAJIHHHTeJIH BbIHAeT H3 CTaTopa, 
AejiaeTCH nepecrponKa poTopa. JfjiH 3Toro noA kohca 
yAJIHHHTeJIH noAKJiaAbiBaeTCH cneitHajiBHan MOHTaHCHan 
onopa, h poTop nocjie ocboGokachhh CTpona onnpaeTCH 
Ha 3Ty onopy h onopy noAuinnHHKa. 

B 3 aBHCHM 0 CTH OT CnOCoGa 33B0AKH TpOC CTpOnHTCH 
JIH0O TOJIBKO 3a KOHeu; yAJIHHHTeJIH (pnc. 189, a), jihGo 
3a yAJiHHHTejiB h Baji (pnc. 189, 6). B nepBOM cjiynae 
oceBoe nepeMemeHHe npoH3BOAHTCH KpaHOM h TajiBio, 
3acTpoimeHHOH 3a Kopnyc noAinnnHHKa, a bo btopom 
— TOJIBKO KpaHOM. 

Kan tojibko uacTB Bajia BbiHAeT 3a npeAejibi CTaTopa, 
ero KOHeu onnpaioT Ha MOHTanoiyio onopy h yAJiHHHTejiB 


pedestal from slipping off the plate during axial move¬ 
ment of the rotor. The rotor is moved in the axial 
direction by the crane trolley with the aid of a chain 
pulley block attached to the bearing housing and an 
anchor embedded in concrete. During axial movements 
of the rotor, care must be taken to maintain a uniform 
gap between the rotor and the stator throughout the 
operation while the rotor pedestal and steel plate 
must slide on the petroleum jelly-coated generator 
frame smoothly, without jerks. 

As soon as the extension end comes out of the 
stator, the rotor must be re-slinged. To this end, the 
extension end is propped on a special support and 
after cutting loose the sling, the rotor is carried by 
this support and the bearing. 

Depending on the procedure adopted for driving 
the rotor into the stator, the sling must be attached 
either only to the extension end (Fig. 189, a) or to the 
extension end and the shaft (Fig. 189, 6). In the for¬ 
mer case, the axial movement is effected by the crane 
and pulley block attached to the bearing housing. 
In the latter case, only the crane is used. 

As soon as a part of the shaft comes out of the 
stator, its end must be propped on the erection sup- 
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CHHMaioT. 3 aTeM noA rneiiKy Bajia hoaboaht 3 apaHee 
noAroTOBJieHHbie BKJiaABiiiiH no^niHiiHHKa h Baji onyc- 
KaeTCH Ha noAUinnimK. OKOHnaTeJiBHO no^uiHriHHKH 
ycraHaBJiHBaiOTCH nocne BBiBepKH o 6 mefi jihhhh eajia 
FHApoarperaxa. 

6-5. BBIBEPKA JXHHIIH BAJIOB 
rOPHSOHT A JlbHMX 
raapOArPErATOB 

A, OEmME 3AME X IAHH>I 

Oahhm hs ochobhbix ycjioBHH, oSecneuHBaioiUHx 
HopMajiBHyio pa6oTy ropH30HTajiBHbix rn^poarperaTOB 
C HaHMeHBIHHMH BHflpaAHHMH HX 3JICMCHTOB, npH XOpO- 
mo ypaBHOBemeHHbix Maccax BpamaidmHXCH poTopoB, 
HBjiaeTCH npaBHJibHaH BbiBepna jihhhh hx BajioB. Bbi- 
BepKy JIHHHH BaJIOB HJIH UjeHTpHpOBaHHe Heo6xO£HMO 
npOH3BOflHT& Tan, HToSbiconpnraeMbie njiocKocTH <J>jiaH- 
i^eB TypSHHbi h renepaTopa nepe^ cthjkkoh SojrraMH h 
nocjie 3Toro ~6bijin crporo napajuiejibHbi, a oceBbie jih¬ 
hhh BajioB coBna^ajiH h hbjihjihcb npoflOJi>KeHHeM ojjHa 
ApyroHj xoth 3a ener ecrecTBeHHoro nporaSa Ka>KAbiH 
Baji HeoSxoAHMO ycraHaBJiHBaTb c HenoTopbiM yrjioM k 
ropH30HTy. 

EcTecTBeHHbiH cTaTHHeCKHH npornS BajioB TypSnHbi 
h reHepaTopa npn ropH30HTajit>HOM nojioHceHHH poto- 
POB BbI30BCT HeKOTOpoe paCKpbITHe 4)JiaHU[eB H HX 
conparaeMbie njiocKocTH 6y#yT HenapajuiejibHbi Me>KAy 
co 6 oh (pnc. 190 ). 

Ecjih H 3 TaKoro nojio>KeHHH 6 yAyr 3 aTHHyTbi coe- 
AHHHTejibHbie SojiTbi (jjjiamjeB, to b npnMbiKaioiAHx k 
4 >JiaHAaM KOHAax BajioB SyAyr HeAonycTHMo flojibiime 
Hanpn>KeHHH OTH 3 rH 6 aBajia. B npoitecce paSoTbi arpe- 
raTa ynpyrHzvm CHJiaMH 6 yAex Bbi 3 biBaTbCH noBbimemiaH 
BHOpaijHH poTopa h Bcero arperaTa. ^jih H 36 e>KaHHH 
3 THX. BpeAHbIX HBJieHHH IipH ACHTpHpOB aHHH JIHHHH BaJia 
AoSHBaiOTCH napajuiejiBHOCTH (JmaHijeB BajioB h ruiaB- 
HOCTH HX JIHHHH, HTO ofleCIieHHBaeTCH nyTeM COOTBOTCT- 

Byiomefi peryjiHpoBKH noAiiiHnHHKOB no pacnojio>Ke- 
HHIO B nJiaHe H OTHOCHTejIBHO BbICOTHbIX OTMCTOK. 


port and the extension piece removed. Then the bear¬ 
ing shells, which have to be prepared in advance, are 
placed under the shaft journal and the shaft is lowered 
on the bearing. The bearings are finally set after check¬ 
ing the shaft line for alignment. 


6-5. CHECKING THE SHAFTS 
OF HORIZONTAL HYDROPOWER 
UNITS FOR ALIGNMENT 

A. GENERAL 

Proper alignment of the unit shafts is one of the 
basic conditions that ensure normal operation of 
horizontal hydropower units with minimum vibration, 
provided the unit rotating parts are well balanced. 
The shafts must be so aligned Or centered that the 
mating surfaces of the coupling flanges should be 
perfectly parallel prior to tightening up the bolts, 
the center lines of the shafts should coincide and they 
should be the continuation of each other though each 
shaft must be set at a certain angle to the horizon 
because of the natural buckling. 

The natural static buckling of the turbine and 
generator shafts when the rotating parts are in the 
horizontal position, will cause the flanges to open 
up and their mating surfaces will not be parallel 
(Fig. 190). 

If the coupling bolts are tightened in this position, 
inadmissibly high stresses will tend to develop in the 
shaft ends adjoining the flanges due to the shaft buck¬ 
ling. In the course of operation, elastic forces will 
cause excessive vibration of the rotating parts and the 
entire unit. To preclude the development of these 
adverse effects, efforts are made during aligning the 
shafts to secure parallelism of the coupling flanges 
and trueness of the common center line which is achie¬ 
ved by adjusting the position of the bearings in plan 
and vertically. 
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B. CnOCOBBi I^EHTPHPOBAHHH JIHHHH 
BAJIA HETWPEXdnOPHOrO POTOPA 
r0PH30HTAJIBH0I0 ITIftPOAFPEI ATA 

JIhhhh Bajia uerbipexonopHoro poTopa ropH30H- 
TaJiBHoro rHApoarperaxa name Bcero ueHTpupyeTcn 
Tan, hto BHanajie ycraHaBjiHBaeTCH b hcxoahoc nojio- 
HceHHe Baji poTopa TypSnHbi, a k HeMy ijeHTpHpyeTCH 
Baji poTopa reHepaTopa. 

B 3tom cjiyuae Baji TypSnHbi AOJi>KeH 3aHHMaTB Tanoe 
nojioHceHHe, npn kotopom paflonee KOJieco 6yACT crporo 
KOHiteHTpHHHo k pacTOHKaM b JiaSnpHHTax HJIH B Apy- 
rnx HenoABHHCHbix nacTHX TypSnHbi, a conpnraeMaH 
iuiocKocTB 4>jiaHita Bajia crporo OTBecHa. 

KoHiteHTpHHHOCTB nojioHceHHH pa6onero KOJieca 
npoBepneTCH mynoM, a otbcchoctb conpnraeMOH no- 
BepxHOCTH 4>jiaHira — 3aMepaMH uiTHXMaccoM ot otbcc- 
hoh crpyHbi jih6o cneitHajibHbiM pencMycoM Ha (jjJiaHqe 
Bajia (pnc. 191). IIpaBHJiBHO ycTaHOBJieHHbiH sthm 
cnocofloM Baji aojijkch hmctb pa3Mepni a — 6 npn 3aiviepe 
HiTHXMaccoM hjih a' = 6 ' npn 3aMepe cneipiajibHBiM 
pencMycoM. Baji reHepaTopa b otom cjiyuae craBHTCH b 
nojio>KeHHe, npn kotopom conparaeMan noBepxHocTB 
ero (J)jiaHAa 6yAeT CTporo napajuiejiBHa c conparaeMOH 
noBepxHOCTBio (j)JiaHu;a TypflHHHoro Bajia, a och o6ohx 
(JjjiaHiteB 6yAyT coBnaAaTB. npH stom, ecjin cpeAHHe 
noAinHnHHKH TypSHHHoro h reHepaTopHoro BajioB pac- 
nojio>KeHbi 6jih3ko k 4)jiarmaM, to och rneeK o6ohx 



Phc. 191. CxeMa BbiBepKH BepTHKajiLHoro 

nojioHceHHH (JjjiaHua ropH30HTajn>HOH Typ- 

6hhbi 


Fig. 191. Alignment of vertical position of 
horizontal turbine flange 


B. METHODS OF CENTERING THE SHAFT 
LINE OK FOUR-BEARING HORIZONTAL 
HYDROPOWER UNIT 

The shaft line of a four-bearing horizontal hydro- 
power, unit is centered more often by first setting the 
turbine shaft in the final position and the generator 
shaft is aligned to the turbine shaft. 

In this case, the turbine shaft must assume the 
position in which the runner will be perfectly concentric 
with the labyrinth seal bore or other stationary turbine 
parts while the mating surface of the shaft flange 
must be perfectly square. 

Concentricity of the runner position is checked 
with a feeler gauge, squareness of the mating flange 
surface is checked with a pin gauge from a plumb 
wire or with a special surface gauge at the shaft flange 
(Fig. 191). A shaft properly aligned by this method, 
should have dimensions a = 6 as measured with a 
pin gauge, or a f ~ 6' as measured with a special sur¬ 
face gauge. In this case, the generator shaft is so posi¬ 
tioned that its mating surface should be perfectly 
parallel to the mating surface of the turbine shaft 
flange while the center lines of both flanges must 
coincide. If the middle bearings of the turbine and 
generator shafts are located close to the flanges, the 
axes of journals of both shafts in these bearings 
will coincide. The axes of external journals at the 


a ) 



Phc. 192. BapnaHTbi ijeHTpiipOB ehhh neTbipexonopHoro 
poropa ropH30HTam>Horo rHApoarperaTa: 

/ — jyp6nHa; II — renepaTop 

Fig. 192. Versions of alignment of four-bearing rotor of 
horizontal unit: 

I — turbine; II — generator 
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Phc. 193. npoeepKa napajuiejibHocTH 
h coochocth cJjjiaHqeB TypSuHbi h reHe- 
paTopa: 

/ — jieKajibHan JiHHeHKa; 2 — myn 

Fig. 193. Check-up of turbine and gene¬ 
rator flanges for parallel and axial align¬ 
ment: 

/-straight-edge; 2 —feeler gauge 


BajiOB b 3 thx noflimniHHKax npaKTMecKH GynyT cob- 
na^aTb. Och KpaiiHHx meen TypSuHHoro h reHepaTop- 
Horo BajiOB 6ynyr npunoflHHTBi Ha BejiHHHHBi, onpe^e- 
juieMbie ynpyraMH cbohctbumh BajiOB (pnc. 192, a). 

BTOpOH CTIOCOG IjeHTpHpOBaHHfl BajiOB cboahtch k 
TOM y, hto Baji TypGHHbi ycTaHaBjiHBaioT b Tanoe nojio- 
>KeHne, npH kotopom och meen ero pacnojiaraiOTCH Ha 
oahom ypoBHe, a yKJioH hx, npoBepneMbiH ypoBHeM, 
HMeeT paBHbie 3HaueHHH no bcjihhhhc, ho oSparabie no 
3Hai<y. npH 3 tom conpHraeMan miocKOCTb Ha (JmaHite 
Typ6nHHoro Bajia GyAeT huxoahtbch b hcotb ecHOM 
nojio>KeHHH. Ban reHepaTopa b stom cnyuae ijeHTpH- 
pyeTCH k Bany TypGHHbi Tan, hto conpnraeMbie noBepx- 
hocth (JmaHijeB oGohx BanoB GyAyT napajuiejibHbi, a 
och (J)jiaHiteB GyAyT coBnaAaTb (pnc. 192, 6). KpanHHH 
uieHKa reHepaTopHoro Bana 3 accb GyAeT 3HanHTejibH0 
noAHHTa, hto npHBeACT k AonojiHHTeJiBHoii Harpy3Ke 
Ha KpaHHHH noAHinnHHK TypGHHbi 3a cneT ropH30H- 
TajibHOH cocraBJimomeH Beca poTopa reHepaTopa. Yhh- 
TbiBan OTMeneHHbiH HeAOCTaTOK, ycraHOBKy Banos 
oGbihho npOH3BOAHT nepBbiM cnocoGoM. HHorAa Banbi 
AeHTpHpyioTCH Tan, hto och uieen reHepaTopHoro Bana 
HaxoAHTCH Ha oahom ypoBHe, a Ban TypGHHbi ycTaHa- 
BnHBaeTcn c noA^eMOM k paGoueMy nonecy (pnc. 
192, b). 

HeAOCTaTKH, OTMeueriHbie y BToporo cnocoGa, HMe- 
iotch h b stom cjiynae. 

KpynHbie ropH30HTanbHbie rHApoarperaTbi, Kan 
npaBHno, AeHTpnpyiOT Tan, htoGbi Kpainme noAuinn- 


hhkh Banos Gbinn no bo3mo>khocth noAHHTbi Ha oah- 
HaKOByio BenHHHHy. 

BbicoTHoe nonoH<eHne uieen BanoB h hx ynnoH npo- 
BepniOTCH c noMOiABio npeijH03HHoro HHBennpa jihGo 
3aMepaMH mraxMaccoM ot Tyro HaraHyTOH baojib och 
B anos CTpyHbi ao uieen BanoB, yuHTbiBan npn stom 
pa3HOCTB AHaMeTpos meen, 3aMepeHHbix cneimajiBHOH 
ckoGoh h coScTBeHHoe npoBHcaHHe crpyHbi. Ilpome 
Bcero, GbiCTpee h AoeraTOUHO tohho ynnoH mohcho 
3aMepHTB paMOHHbiM Hnn BanoBbiM ypoBHeM c ijeHOH 
Aene hhh 0,03—0,05 mm ynnoHa Ha 1 m ajihhbi. 

IIpH jiioGom cnocoGe HSMepenuH BbicoTHoro nono- 
H<eHHH h ynnoHa aojhkhbi npoH3BOAHTBCH b neTbipex 
nono>neHHHX Bana, noTopbin noBopauHBaiOT nan<AbiH 
pa3 Ha 90°. 3HaueHHH Bbicoraoro nono>neHHH h ynnoHa 


generator and turbine shafts will be elevated to 
magnitudes governed by the elastic properties of the 
shafts (Fig. 192, a). 

The second method of centering the shafts consists 
in setting the turbine shaft journals at one level with 
their inclination being equal in magnitude and oppo¬ 
site in sign. The mating surface of the turbine shaft 
flange therewith will be out of square. In this case, 
the generator shaft is centered against the turbine 
shaft so that the mating surfaces of the flanges are 
parallel and the center lines of the flanges coincide 
(Fig. 192, 6). The extreme journal of the generator 
shaft will be here considerably elevated which will 
cause an additional thrust on the extreme turbine 
bearing due to a.horizontal component of the rotor 
mass. Bearing in mind this shortcoming, the shafts 
are usually installed using the first method. Sometimes, 
the shafts are centered so that the axes of the gene¬ 
rator shaft journals are set at one level while the 
turbine shaft is elevated towards the runner 
(Fig. 192, b). 

The shortcomings noted in the second method 
are also characteristic of this case. 

Large horizontal hydropower units are usually 
centered so that the extreme bearings of the shafts 
are raised to an equal height as much as possible. 

Elevations of the shaft journals and their incli¬ 
nation are checked with a precise transit or by taking 
readings with a pin gauge from a piano wire stretched 
along the center line of the shafts to the shaft journals 
with due regard for difference in the journal diameters, 
as measured with a special external gauge, and for 
the piano sag. The inclination can be readily measured 
with fair accuracy by means of a bench or shaft level 
in 0.03—0.05 mm divisions over 1 m of the inclination 
length. 

With any method applied, the elevations and incli¬ 
nation must be checked at four positions of the shaft 
that is rotated each time through 90°. The elevation 
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uieeK Bajia npuraiMaiOTCH cpeAHeapn^MeTHHecKHe H3 
Herbipex 3aMepoB. 

B cnyuae H3MepeHHH ypoBHeM ero hcoGxoahmo npn 
na>KAOM 3aMepe noBopauHsaTB Ha 180°, npn stom 3a 
BejiHHHHy yKJioHa npHHHMaeTCH cpeAiieapH(j)MeTHuec- 
Koe 3iiaueriHe noKasamm bocbmh H3MepeHHH. Pe3yjiB- 
TaTbl H3MepeHHH 3aHOCHTCH B cj)OpMyjIHp, KOTOpblH 
cJiy>KHT STaJioHOM npn npoBepKe sthx a&hhbix nocjie 
HeKOToporo nepnoAa 3KcnjiyaxaAHH arperaTa. 

npHijeHTpHpOBaHHe cJ)JiaHAa reHepaTopHoro Bana k 
cfmaHity TypGiiHHoro Bajia hjih, HaoGopoT, b 3aBHCHMO- 
cth ot cnocoGa BbiBepKH npoBepHiOT Ha napajuiejiBHocTB 
4)jiaHu;eB myrioM, 3aMepHH Aua>i<Abi b ueTbipex npora- 
Bonojio>KHbix TOHKax Me>KAy 4)JiaHitaMH, noBopaHHBan 
Ban Ha 180°, a Ha coochoctb — mynoM, 3aKJiaABmae- 
MblM Me>KAy JieKaJIBHOII JIHHeHKOH H nOBepXHOCTBK) 
cfmaHija Taione ABa>KAbi b uerbipex ceueminx, noBopa- 
HHsa h Ban Ha 180° (pnc. 193). Ilpn 3 tom, htoGbi npe- 
AOTBpaTHTB npHueiiTpupyeMbm Ban ot oceBoro nepe- 
MemeHHH, ero hcoGxoahmo huaokho 3a<|)HKCHpOBaTB 
ycTaHOBKOH ynopoB b 3aTOHKe Bana hhh k Topity ero. 
XlonycKH Ha oTKnoHeHHH npn AeHTpHp ob aHHH ropH30H- 
TanBHbix rHApoarperaTOB HopMaTHBaMH He npeAycMO- 
TpeHbl. IIpaKTHUeCKH OHH B 3aBHCHM0CTH OT CKOpOCTH 
BpaiAeHHH arperaTa MoryT hmctb npHMepHO cneAyio- 
mne 3HaueHHH: Ha HenapannenBHocTB (JjnaHiteB 0,02— 
0,03 mm Ha 1 m AnaMeTpa c|)naHAa h Ha coochoctb ot 
0,02—0,03 mm Ann nioGoro AnaMeTpa Bana. 


B. IIEHTPHPQBAHUE JIHI 1 HH BAJIA 

TPEXonoPHoro potopa 

rOPH30HTAJltHOTO rHflPOATPErATA 


TpexonopHbie ropH30HTanBHbie rHApoarperaTbi Ha¬ 
ute Bcero KOMnoHyioTcn Tau, hto reHepaTop HMeeT 
ABe onopbi, a TypGnna — oAHy c KOHconBHbiM pacno- 
no>KeHiieM paGouero uoneca. B stom cnyuae itempH- 
poBaHne BanoB itenecooGpa3Ho np oh3boahtb cneAyio- 
iahm cnocoGoM. 

BHauane ycTaiiaBJiKBaeTCH poTop TypGuHbi b Tanoe 
nono>KeHHe, npn kotopom ocb ihchkh Bana GyAex 
coBnaAaTb c ocbio arperaTa, a paGouee noneco pacKJin- 
HeHo b KaMepe Bbmie CBoero paGouero nono>KeHHH Ha 
BenHHHHy B03Mo>KHoro npornGa Bana TypGHHbi, koto- 
pbiii GyAeT nocne cnapHBaHHn ero c BanoM reHepaTopa 
npn ocboGohcachhom ot KJiHHBeB paGoueM nonece. 
Ban reHepaTopa ueHTpupyeTcn no ycTaHOBneHHOMy b 
T anoe nononeHHe Bany TypGHHbi. Ilpn stom, nan y>ne 
OTMeuanocB b pa3Aene B HacTonutero naparpacjja, 
4>naHAbi Banos AonncHbi Gbitb ycTaHOBneHbi napannenB- 
ho, a och hx Aon>KHbi coBnaAaTB (pnc. 194). 

IIpH MOHTa>ne TpexonopHbix ropH30HTanBHbix Typ- 
GoarperaTOB Banbi TypGnH h reHepaTopoB oGmuho 
ijeHTpHpyiOT Apyr n Apyry Tan, hto hx nonyMy(|)Tbi 
nepeA cnapHBarmeM hmciot BHH3y HenoTopbiH pacnpoii. 
3 tot pacnpoii nocne cnapHBaHHn BanoB cnocoGcTByeT 
uacTHHHOH pa3rpy3ne cpeAHero noAuiHnHHna 3a cueT 
nepeAauH stoh uacra Harpy3nn Ha npaiiHHH noAuiHnHHn 
AByxnoAiHHnHHnoB oro poTopa. 


and inclination magnitudes are taken as an arithmetic 
mean of four readings. 

In case a level is used, it must be turned through 
180° for each measurement. The inclination magnitude 
is determined as an arithmetic mean of eight readings. 
The results of measurements are entered into the 
record sheet and serve as a reference in checking 
these data after running the unit for some time. 

The alignment of the generator shaft flange with 
respect to the turbine shaft flange, or visa versa (de¬ 
pending on the method of alignment used), must be 
checked for parallelism of the flanges taking readings 
with a feeler gauge twice at four opposite points bet¬ 
ween the flanges by rotating the shaft through 180°, 
and for concentricity with a feeler gauge to be inser¬ 
ted between a straight edge and the flange surface 
twice at four opposite points by rotating the shaft 
through 180° (Fig. 193). The axial movement of the 
aligned shaft must be eliminated by fitting stop blocks 
at the shaft neck or its butt end. Standards do not 
specify tolerances for centering the horizontal hydro- 
power units. 

Practically depending on the speed of the unit, 
they may have the following values: parallel misalign¬ 
ment of flanges 0.02—0.03 mm over 1 m of the flange 
diameter; concentricity from 0.02—0.03 mm for the 
shaft of any diameter. 


C, CENTERING THE SHAFT UNE 
OF A THREE-BEARING 
HORIZONTAL HYDROPOWER UNIT 

In most cases, the three-bearing horizontal hydro- 
power units are designed so that the generator has 
two bearings while the turbine has one bearing with 
an overhung runner. In this case, the shafts should 
be centered in the following way. 

First the runner and shaft assembly is positioned 
so that the axis of the shaft journal should coincide 
with the center line of the unit while the runner must 
be wedged in the runner chamber above its operating 
position for a magnitude of possible turbine shaft 
buckling which will take place after its coupling with 
the generator shaft and setting free the runner. The 
generator shaft is centered to the turbine shaft placed 
in the above position. As noted in Subsection B of 
this Section, the shaft flanges must be parallel and 
their center lines must coincide (Fig. 194). 

When installing horizontal turbine-generator sets, 
their shafts are to be aligned so that their half-coupl¬ 
ings have some opening at the bottom prior to coupling. 
After coupling the shafts, this opening aids in partial 
unloading of the middle bearing by transferring 
this load to the extreme bearing on the two-bearing 
rotor. 


335 






































































































Phc. 194. CxeMa neHTpHpoBaHHH TpexonopHoro po- 
TOpa ropH 30 HTaju>Horo rn^poarperaTa (a-6) , och Ba- 
jiob coBna^aioT 


Fig. 194. Alignment of three-bearing rotor of hori¬ 
zontal hydropower unit {a — 6), axes of shafts are 
aligned 


Phc. 195. CxeMa npoBepKH Harpy3KH Ha no^innnHHKii 
C nOMOm^K) ^HHaMOMeTpOB (1) H HH^HKaTOpOB (2) / 
I — k KpaHy 

Fig. 195. Check-up of bearing thrusts by dynamo¬ 
meters (i) and dial gauges (2): 

I — to crane 



B paccMaTpHBaeMOM humh cjiyuae 3Toro pacKpbiTHH 
ocTaBJiHTt He cne^yer, Tan KaK nocjie cnapHBaHHH bujiob 
h ocBoSoK^eHHH pa6onero KOJieca ot kjihhbcb noAiHHn- 
hhk Typ6nHBi 6yACT ^onoJiHHTeubHO npnrpy>KeH pa6o- 
HHM KOJieCOM, npH 3TOM UaCTHHHO OCBOSo^HTCH CpeA“ 
hhh noAHiHnHHK reHepaxopa. riocjie cnapHBaHHH BanoB 
itejiecoo6pa3HO npoBepnxb iteHxpupoBaHHe hx, onpe- 
Aejinn Harpy3KH Ha Ka>KABiH no abihhhhk, Koxopbie 
mo>kho nemo noACHHTaxi*, 3Han Beca poxopoB h hx 
B anoB, a xaKHce paccxonmie Me>Kfly i^eHxpaMH xnncecxH 
h paccxoHHHe MOK^y onopaMH. Harpy3 kh Ha noAmnn- 
hhkh ox Beca poxopa h Bana 6y,niyx pacnpe^ejiHXBCH 
oSpaxHo nponopitHOHajibHO paccxoaHHio iteHXpa xnnce- 
cxh poxopa ox iteHxpa noAuiHiiHHKa. 3 hhh pacnexHyio 
Harpy3Ky Ha k3>kabih noAmnnHHK, c noMombio abhu- 
MOMexpa npoBepHiox (j)aKTHnecKyio. 

npH OCBo6o>KACHHbIX BepXHHX BKJiaABIUiaX nOA“ 
HiHiiHHKa k KpaHy nepe3 AHHaMOMexp noonepeAHO 
3 acxponnHBaiox Ban OKono Ka>KAOH rneiiKH noAinnn- 
HHKa. 3axeM xhxo HaxnraBaiox xpoc ao xex nop, nona 
cxpenna HHAnnaxopa, nocxaBneHHoro k BepxHen xonne 
meHKH, He otohacx Ha 1—2 A^ eHHH * npH 3 tom cmo- 
xpnx noKa3aHHH AMHaMOMexpa (pnc. 195). TaM, rAe 
AHHaMOMexp nonancex Harpy3Ky MeHbme pacnexHoii, 
no a onopy oxoro noAmnnHHKa cneAy ct nononcuxb noA - 
KnaAKy xanon tojiiahhi>i, nxo6bi noKa3aHHH AHHaMO- 
Mexpa 6binn paBHbi pacnexHon Harpy3Ke. PerynnpoBKa 
6yAex 3 aKOHneHHOH, ecnn noKa3amiH A^HaMOMexpa npH 
H3Mepemm y Kan<Aon rneiiKH 6yAyT cooxBexcxBOBaxb 
pacnexHbm Harpy3KaM. npn oxcyxcxBHH AHHaMOMexpoB 


In the case under consideration, it is not recom¬ 
mended to leave such an opening because after coupling 
the shafts and setting free the runner from the wedges, 
the turbine bearing will additionally take the mass 
of the runner. After coupling the shafts should be 
checked for alignment by measuring the thrusts on 
each bearing. The thrusts can be readily calculated 
knowing the masses of the runner and the rotor and 
their shafts as well as distances between the centers 
of gravity and between the bearings. Thrusts exerted 
on the bearings by the rotor shaft are distributed in 
inverse proportion to the distance from the center of 
gravity of the rotor to the center of the bearing. The 
actual thrust acting on the bearing can be checked 
with a dynamometer knowing the design thrust expec¬ 
ted at each bearing. 

With the upper bearing shells set loose, the crane 
sling is in turn attached close to each shaft journal 
through a dynamometer. Then the sling is pulled up 
until the pointer of dial gauge mounted on the top 
of the journal, moves up through one or two divisions. 
In the action, readings must be taken off the dynamo¬ 
meter (Fig. 195). Where the dynamometer readings 
are below the design values, the bearings must be 
shimmed to bring the dynamometer readings to the 
design value. The adjustment is considered completed 
when the dynamometer reads at each journal the 
design thrusts. If dynamometers of an adequate capa- 


HeodxoAHMoii rpy3onoA'beMHOcxn mo>kho npHMeHHXB 
MeHbiHHH, 3aAejiaB ero b OAHy H3 BerBeii nojincnacxa. 
Tanyio >Ke npoBepKy mo>kho Aejiaxb c noMoiqbio ruApo- 
AOMKpaxa, noAaBan Macno noA AaBjiemieM ot pyunoro 
npecca h KOHTpojiHpyn cmiy noAi>eMa no MaHOMeTpy, 
ycxaHOBjieHHOMy b MacjiHHOH MarncTpajiH. Quiy noA'&e- 
Ma mo>kho onpeAeJiHTb mctoaom HHTepnojiHqHH. 


r. IJEHTPHFOBAHHE JIHHHH BAJIA 

aByxonoPHoro potopa 

rOPHSOIITAJTbHOrO rHflPOAFPErATA 

CoBpeMeHHbie ropH30HTajn»Hbie XHApoarperaTbi c 
AByxonopHbiMH poTopaivm AeJiaiOTcn c oahhm BajioM — 
o6iahm ajih xypdHHbi h reHepaTopa h AByMH BajiaMH 
— Typ6nHHbiM h reHepaTopHbiM, coeAHHneMbiMH Me>KAy 
co6oh 60 JITaMH. 

IfeHTpHp ob aHHe jihhhh Bajia o ahob ajiBHBix AByx- 
onopHbix arperaxoB npeACTaBJineT co6oh Hecjionaiyio 
padoTy, saiononaioiAyiocH b ycTaHOBKe Bajia b ropn- 
30HTajibHoe oceBoe nojio>KeHHe c paBHOMepHMMH 3a30- 
paMH no paSoueMy KOJiecy Typ6nHbi h poTopy reHepa¬ 
Topa. 3Aecb ^aKTHuecKHe Harpy3KH Ha noAmnnHHKH 
6yAyT BcerAa coBnaAaTb c pacneTHbiMH, a noaxoMy 
HHKaKOH AonojiHHTejibHoii peryjmpOBKH onop He Tpe- 
SyeTCH. 

JIhhhh Bajia AByxBajibHbix AByxonopHbix arperaTOB 
AeHTpupyeTCH cjieAyioiAHM odpa30M. Bnauajie ycTa- 
HaBJiHBaeTCH poTop xypdnHbi Tan, hto meiiKa Bana ero 
onnpaexoi Ha cboh no ahihhhhk , a padonee KOJieco — 
Ha KjiHHbH Me>KAy odoAOM hjih ero JionacTHMH h KaMe- 
pon. Ocb padonero KOJieca b stom cjiynae AOJi>KHa 
coBnaAaTb c ocbio pacTOHKH b JiadnpnHxax hjih b Apy- 
rnx HenoABHHCHbix nacTHx TypdHHbi. Baji reHepaxopa 
AeHTpHpy ctch k Bajiy xypdHHbi Tan >i<e, KaK h b arpe- 
raTe c TpexonopHbm poTopoM, TOJibKo 3Aecb pojib 
cpeAHero noAmnnHHKa reHepaTopa BbinojiHHeT Bpe- 
MeHHan, peryjiHpyeMan no BbicoTe MOHTa>KHaH onopa, 
KOTopaa CTaBHTCH noA 4>JiaHAeM reHepaTopHoro Bajia. 
Ha npH3MaTHnecK0H noAyinKe stoh onopbi 3 aKpen- 

JIHIOTCH ABe HJiaCTHHbl H3 dpOH3bI HJIH JiaTyHH, Ha KOTO- 

pbix BpamaeTca (jjjiai-ieu; Bajia (pnc. 196). Bee ocxajib- 
Hbie onepaAHH no ACHTpiipoBaHHio sthx BajiOB BeAyxcn 
cnocodaMH, onncaHHbiMH b pa3Aejiax E h B HacToaiAero 
naparpatjia. 


city are not available, a smaller dynamometer can be 
used by incorporating it into a pulley block. The same 
test can be conducted with the aid of a hydraulic 
jack by pumping oil with a hand-operated press and 
by monitoring the lifting force with a pressure gauge 
incorporated in the oil line. The lifting force can be 
determined by the interpolation method. 

D. CENTERING THE SHAFT 
OF TWO-BEARING 
HORIZONTAL HYDROPOWER UNIT 

The modern two-bearing horizontal hydropower 
units are made of a single shaft construction (with 
one common shaft for the turbine and generator) 
and of a double shaft construction (with two separate 
shafts for the turbine and generator bolted together). 

On a single-shaft two-bearing units, alignment of 
the shaft center line is a fairly simple operation which 
consists in setting the shaft in a horizontal axial posi¬ 
tion with a uniform clearance around the periphery 
of the runner and rotor. Here actual loads on the 
bearings will coincide with the design ones and there¬ 
fore no additional adjustment of the bearings is re¬ 
quired. 

The shaft line of a double-shaft two-bearing hydro- 
power unit is aligned in the following way. First the 
runner and shaft assembly is positioned so that the 
shaft journal rests on its bearing and the runner rests 
on the wedges fitted between its rim or its blades and 
chamber. In this case, the center line of the runner must 
be concentric with that of the bore in the labyrinth 
seals or some other stationary parts of the turbine. 
The generator shaft is aligned to the turbine shaft as 
in the case of a three-bearing unit, but here the part 
of the middle generator bearing is played by a tem¬ 
porary adjustable erection pedestal which is placed 
under the generator shaft flange. The prismatic pad 
of this pedestal mounts two bronze or brass plates 
on which the shaft flange rotates (Fig. 196). Other 
alignment jobs on these shafts are conducted by the 
methods described in Subsection B and C of this 
Section. 


Phc. 196. CxeMa ijeHTpHpoBaHHH AByxonopHoro 
poTopa ropH30HTajibHoro rn^poarperaTa: 

1 — kjihh ; 2 — njiacTHHa H3 6poH3M 

Fig. 196. Centering of two-bearing shaft of hori¬ 
zontal unit: 

1 — wedge; 2 — bronze plate 
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3- IIPOBEPKA 1JEHTPHPOBAHHH BCEPO 
l’H^POAl PEI'ATA 

Ilocjie cnapHBaHHH BajioB h npoBeprai o6ipefi 
jihhhh poTopa arperaTa npoH3BOflHTCH npoBepna ycxa- 
hobkh HenoABHJKHbix sjieivieHTOB arperaTa, T.e. hx 
KOHI^ eHTpHBHOrO paCTIOJIOJKeHHH no OTHOUieHHIO k 
B pamawmeMycH poxopy arperaTa. npoBepnioxcn sa- 
sopbi no paSonemy KOJiecy, poxopy reHepaxopa, poTopy 
B036y«HTenH, ecjin oh pacnojto>Ken Ha oahom najiy c 
poTopoM reHepaxopa, h no jiaSHpuHXHWM ynnoxHeHHHM, 
ecjin ohh npeAycMOTpeHbi KOHCTpyKnnen xyp6nHbi. 

ripoBepicy 3a3opoB b 3thx y3Jiax npoH3BOAHT BHa- 
nane b neiio r XBi-i>Kiio.M coctohhhh, aaiicpwr b 'icxiapex 
npoTHBonojio>KHbix TOHKax, a 3aTeM b 3thx me xonnax 
neTbipexKpaTHbiM 3aMepoM, iionopanunan Ka>K;u>Tii pa3 
poTop Ha 90°. KpoMe Toro, saiwepniOT Tannce 3a3opbi b 
oflHOH TOHKe Ka>Kfloro y3Jia npn noBopoxe poxopa 
arperaxa Ha o«ho nomocHoe AeneHne. OflHOBpeMeHHO 
c 3 thm npoii3Bo;uiT TaK>Ke 3aMepw liejmviHH onem-w 
TopM03Horo pncKa h pacnojiomemni iio.tiocois poTopa 
OTHOCHTejibHO cpeflHeft jihhhh pacTOHKH cxaTopa reHe- 
paTopa. 

Ecjih pam-ibie otkjiohchhh He yAOBJieTBopnioT Hop- 
MaM AonycKOB, npHBeAenHbix b xa6ji. 8 h 9, to ncnpaB- 
AeHHe npoH3BOAnx 3a cneT AonoJiHHTejibHoro neiiTpu- 
poBaHHH arperaTa. 

6-6. OCOEEHHOCTH MOHTA>KA 
r0PH30HTAJIEH MX KAnCVJlbHMX 
ni^FOATPErATOB 

A. OEIUHE 3AME4AHHa 

Ilpoi^ecc MOHTa>Ka ropH30HTajitHbix KancyjibHbix 
rn^poarperaTOB TaK >Ke KaK h BepTHKaJibHbix odbiHHoro 
hciiojihghhh, BKjnonaeT b ce6H ABa 3Tana. B nepBOM 
Ha cSopoHHbix njiomaAKax coSupaioTCH yKpynHHTejib- 
Hbie 6 jiokh h y3Jibi> a bo btopom oth Sjiokh h y3Jibi, a 
TaKHce OTAejibHbie HenocpeACTBeHHO Ha MecTe 

ycTaHOBKH MOHTHpyioTCH b arperaT. He paccMaTpHBan 
Bonpocbi TpyAoeMKOCTH MOHTanca oxA^JitHbix y3JioB h 
ycjiOBHH ero BbinojiHeHHH, 3ACCB 3aM.e r niM jiniiib, hto 
b u;ejioM no arperaTy TpyAoeMKoerb H AJiiiTejibiiocTb 
AHKJia MOHTanca no cpaBHeHHio c aHajiorHHHbiMH arpe- 
raTaMH BepTHKajiBHoii komiiohobkh npHMepHo b 3 
pa3a 6ojibine h ycjiOBHH pa6oT 3HaunTejH>H0 TH>Kejiee, 
Tan nan SojituiaH hx naerb BbinojiHHeTCH b ctcchchhoh, 
njioxo BeHTHJiHpyeMOH Kancyjie. 

3aTpaTbi KpaHOBoro BpeivieHH 3Aeci> TaKnce 3Hami- 
TejibHO 6ojn>me, ueM npn MOHTance aHajiorHHHbix no 
ra6apHTaM h moiahocth ruApoarperaTOB BepTHKajib- 
Horo HcnojiHeHHH. IIpH MOHTance 44 oAHOBajibHbix 
ropH30HTajibHbix KancyjibHbix rHApoarperaTOB iviom- 
HOCTbK) nO 19,2 TbIC. kBt KneBCKOH H KaHeBCKOH 
T3C, AByxBajibHtix KancyjibHbix rHApoarperaTOB c 


E. CHECKING THE COMPLETE HYDROPOWER 
UNIT FOR ALIGNMENT 

After coupling the shafts and checking the shaft 
line for alignment, checks are also made of the instal¬ 
lation of stationary parts i.e. their concentricity with 
respect to the unit rotating parts. Checks are made 
of the clearances of the runner, the generator rotor, 
the exciter rotor, if the latter is mounted on the com¬ 
mon shaft, the labyrinth seals, if they are provided 
by design. 

Checks of these parts are first made at stand-still 
by taking readings at four opposite points, then read¬ 
ings are taken four times at the same points by rotating 
the shaft through 90°. Besides, clearances are also 
checked at one point of each part by rotating the rotor 
through one pole division. At the same time checks are 
made for run-out of the brake disk and position of 
the rotor poles with respect to the center line of the 
stator bore. 

If the readings do not meet the tolerances given 
in Tables 8 and 9, adjustment must be made by addi¬ 
tional centering of the unit. 

6-6. INSTALLATION 
OF BULB 

HYDROPOWER UNITS 

A, GENERAL 

Similar to the conventional vertical-shaft units, 
installation of the horizontal-shaft bulb hydropower 
units consists in two phases. During the first phase, 
parts and components are pre-assembled on the as¬ 
sembly floor. During the second phase, pre-assemblies 
and separate parts are installed in place. Without 
dwelling on labour intensity and erection of separate 
components and conditions for its execution, we 
should note only that on the whole, labour intensity 
and duration of the installation cycle on the bulb 
unit are three times as much as those on conventional 
vertical-shaft units. Conditions of work are also much 
more heavier because the bulk of work is carried out 
in a narrow poorly ventilated bulb. 

The cranes require here much more time as com¬ 
pared to vertical-shaft hydropower units of similar 
size and capacity. Installation of 44 single-shaft bulb 
units each of 19.2 MW at the Kiev and Kanev hydro- 
power developments, two-shaft bulb units with water- 
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boa^hbim oxjia>KACHHeM o6motok reHepaTopa Ueperio- 
BeitKoii, CapaTOBCKOH h nepenaAHbix T3C 6bum oTpa- 
SoTaHbi cnocodbi Morcranca, ocHOBHbie nojio>i<eHHH koto- 
pbix paccMaTpHBaiOTCH b pa3Aejiax B, B, T, h E 
HacTOHintero naparpa(f)a. 


B. yKPynilHTEJILHAa CEOPKA Y3JIOB 
H EJIOKOB OAHOBAJIBHBIX KAXICYJIBHBIX 
rif^POArPEEATOB HA CEOPOHIIBIX 
HJlOmA/IKAX 

Ha MOHTa>KHOH h BHeniHecfiopouHOH miomaAKax, 
odopyAOBaHHbIX KpanaMH, MOHTa>KHbIMIl IIJIHTaMH H 
cneimajibHbiMH creHAaMH, Hanfiojiee paijHOHa jibho iioa- 
roTaBJiHBaTb k MOHTa>Ky h yKpynHHTb cneAyiomne 
y3Jibi h 6jiokh (pnc. 197): pa6ouee KOJieco 73, CTaTop 
TypfiHHbi IP, HanpaBJiHiom™ annapaT 77 c onopofi 
peryjmpyiomero KOJiBita 75, CTaTop reHepaTopa 7, 
poTop reHepaTopa 27 c BajioM 20, onopHbie noAuinn- 


cooled generators at the Tcherepovets, Saratov and 
perepadnaya hydroelectric power plants made it 
possible to perfect the installation techniques and 
finalize the principal criteria which were discussed in 
Subsections B, C, D, E, F of this Section. 


B, PRE-ASSEMBLY OF PARTS 
AND COMPONENTS 
OF SINGLE-SHAFT BULB 
UNITS ON ASSEMBLY FLOOR 

It is advisable to pre-assemble and get ready for in¬ 
stallation the following parts and components 
(Fig. 197) in the erection bay and at outdoor assembly 
sites equipped with cranes, erection plates, and special 
rigs: runner 13, stay ring 19, wicket gates 77 with 
operating ring support 75, stator 7, rotor 27 with shaft 



Phc. 197. Pa3pe3 no o^HOBajibHoMy ropH3OHTajn>H0My Kan- 
cyjitHOMy rnApoarperaTy: 

j — nepeflHHH *iacTb nancy jim; 2 — ^BuraTejit KOMiipeccopa; 3 — pery- 
HHTOpHbiH reHepaiop; 4 — npoMOKyro^Hoe kojibuo ; 5 — MOHTa>KHaH 

KOJioHHa; 6 — pacTHHoai; 7 — CTaTop reHepaTopa; 8 — o6jimjoBKa cTa- 
Topa; 9 — cepBOMOTOpbi HanpaBjiniomero annapaTa; 10 — KOHyc OTca- 
cbidatomeii Tpy6bi; 11 — (JtyHAaMeHTHoe Kojibi^o; 12 — Kaiwepa pa6onero 
KOJieca; 13 — pa6o^ee KOJieco; 14 — TypGHHHbiii no^nrannHK; 15 — ono- 
pa peryjrapyiomero KOJibi^a ; 16 — peryjmpyioinee KOJibi^o; 17 — Hanpa- 
Bng mtH w annapaT; 18 — nepeKpbrme MonTantnoro npoeMa; 19 — CTaTop 
xypSnHbi; 20 — Ban; 21 — poTop reHepaTopa; 22 — reHepaTopHbin 
noMinnnHHK; 23 — ynopHtin noflinnirnnK; 24 — MacjionpneMHHK; 25 — 
B 03 flyxooxjiaflHTeJib; 26 — Koiwnpeccop; 27 — npoxoAHan KOJioHHa 


Fig. 197. Section through single-shaft horizontal bulb unit: 

2 — bulb head portion; 2 — compressor motor; 3 — generator regulator; 
4 — intermediate band; 5 — mounting pedestal; 6 — braces; 7—generator 
stator; 8 — stator liner; 9 — wicket gate servomotors; 10 — draft tube 
cone \ 11 — discharge ring; 12 — runner chamber; 13 — runner; 14 — turbine 
bearing; 15 — shifting ring support; 16 — shifting ring; 17 — wicket gate; 
28 — hatch cover; 19 — turbine stay ring; 20 — shaft; 21 — generator 
rotor; 22 — generator bearing; 23 — stop bearing; 24 — oil header; 25 —air 
cooler ; 20 — compressor; 27 — access tube 
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Phc. 198. yKpymiHTejiLHan cSopna CTa- 
TOpa Typ6iiHBi HanpaBjmioiii;ero annapaTa 
c peryjinpyiomHM kojibuom h onopoii 


Fig. 198. Enlarged assembly of turbine 
stay ring, wicket gate, shifting ring, and 
support 



hhkh 14 vl 22 u ynopHbifi 23 , nepe^HiOK) uacTb Kancyjibi 
1 BMecTe c ftBHraTejieM 2 h KOMnpeccopoM oxjia>K^eHHH 
reHepaTOpa 26 h KaMepy paGouero KOJieca 12 BMecTe c 
(JjyimaMeHTHbiM kojibijom 11 h KOHycoM oTcacbiBaio- 
men TpySbi 10 . 

Kpome Toro, npn OAHOBajibHoii KOHCTpyKijHH rHApo- 
arperaTa coGpaHHbie ysjibi — paGouee KOJieco, poTop 
reHepaTopa c BanoM, CTaxop reHepaTOpa c hhjkhch 
nojiOBHHoii npoMe>KyTO^Horo KOJibija 4 h ynopHbiM 
noAnmnHHKOM 23 h onopHbiM hoahihiihhkom 22 — 
Aejiecoo6pa3HO yKpynHHTL BMecre b eAHHbifi MOHTa>i<- 
HblH Gjiok. 

P a G o h e e KOJieco coGnpaeTcn Ha cneimajib- 
hoh nJiHTe b BepTHKajibHOM nojto>KeHHH no tcxhoJ ioraH, 
npHMeHaeMon npn cGopne paGouux KOJiec BepTHKajib- 
HbIX THApOTypGHH (cm. § 4-10). 

CiaTOp t y p 6 h h bi c HanpaBJiHio- 
iahm annapaTOM, onopoii peryjrapyiomero 
KOJibita coGnpaeTCH Ha cneijHajibHbix BbiKJiaAKax. npH 


20 , journal bearings 14 , 22 , thrust bearing 23 , bulb 
head portion 1 with electric motor 2 and generator 
cooling compressor 26 , and runner chamber 12 with 
discharge ring 11 and draft tube cone 10 . 

Besides, on single-shaft hydropower units it is 
advisable that assembled runner, generator rotor with 
shaft, stator with lower half of intermediate ring 4 , 
thrust bearing 23 and journal bearing 22 should be 
put together in an integral piece. 

The runner is assembled on a special plate 
in the vertical position by methods used in the assembly 
of runners for vertical-shaft hydropower units (refer 
to Section 4-10). 

The stay ring with wicket gates and 
the operating ring support is assembled 


Phc. 199. YKpymmTe jibHan cdopna HanpaBJimo- 
mero annapaTa Ha CTeH^e 

Fig. 199. Enlarged assembly of wicket gate in 
a rig 
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3 T 0 M CTaTOp TypGHHbl BbinOJIHHeT pOJIb CTeHAa AJIH 
cGopKH HanpaBJiHiomero annapaTa. HanpaBJimon^nii 
annapaT coGnpaercn nojiHOCTbio c ycraHOBKOH Mexa- 
hh3mob noBopoxa nonaxoK, ynjioTHeHim Aancf) n Jiona- 
tok, noAroHKon conpH>KeHHH jionaTOK Me>KAy coGoh h 
peryjinpoBKOH MexaHH3M0B noBopOTa (pnc. 198). Pe3H- 
HOBoe ynjioTHeHne JionaTOK CTaBHTCH Ha onoKCHAHon 
rpyiiT-iiniaKjieBKe. KOTopan Tai<>Ke npnMeHneTCH ajih 
ynjioTHeHHH ctbikob Aexajien npn OKOHuaTejibHOH ycra- 
HOBKC HX Ha MeCTO. 

B AaJn>HenmeM CTaTop ycTanaBJiHBaexcH b KpaTep 
AeJiHKOM, a HanpaBJiHioiAHH annapaT no JiOBHHKaMH . 
Jfjin npnAaHHH 3KecTKocTH nojiOBHHKe HanpaBJimomero 
annapaTa jionaTKH ero pa3BapHBaiOTCH npHXBaTKaMn k 
Hapy^KHOMy h BHyTpeHHeMy KOJi&ijaM hjih pacnpen- 
jineTcn Hapy>KHoe c b HyTp chhhm kojilaom cneijHajib- 
HbiMH 4 )a P KonaMH * HanpaBjiHioiAHH annapaT mo>kho 
coGnpaTb h oTAejibHO Ha cneirHajibHOM CTeHAe 
(pnc, 199). 

CTaTop reHepaTopa, npnGbiBaioiipm Ha 
CTpoH-njioiqaAKy ab> 7 mh no JiOBHHKaMH, coGnpaeTCH b 
KOJIbAO B r0pH30HTaJIbH0M nOJIO>KeHHH. B TaKOM >Ke 
nojio>KeHHH b Hero yKJiaAbiBaeTCH CTbiKOBan oGmotru 
H np OH3B O AHTCH BCe HSOJimjHOHHBie paGoTbi. TopH- 
30HTaJIbHbie CTbIKH CTaTOpa, KOTOpblH OMbIBaeTCH B 
npoijecce SKcrniyaTaijHH boaoh, ynjiOTHHioTCH pe3HHO- 
bbim nmypOM h anoKCHAHOH rpyHT-mnaKJieBKOH. KpOMe 
Toro, Ha CTbiKH CBepxy KpenHTCH cneimajibHaH oGjih- 
AOBKa A^n jiyumero oGTeKamra boaoh. 3accb >Ke Ha 
njionjaAKe k CTaTopy npHCoeAHHHCTCH hh>khhh nojio- 
BHHa npoMe>KyTOUHoro KOJibira. 

PoTop reHepaTopa, coGpaHHbiH Ha 3aBo- 
Ae-H3roTOBHTejie BMecTe c nomocaMH, Ha cGopouHOH 
njioutaAKe tojibko peBH3yercH, coeAHHHeTCH c BanoM 
h cyiiiHTcn. CoeAHHeHHe c BanoM A^JiaeTCH Ha creHAe 
nyTeM ropHuen nocaAKH c noAorpeBOM ijeHTpajibHoii 
nacra poTopa jxo TeMnepaxypbi 150—160°C h onycnaHHa 
bo BTyjiKy poTopa Bana CBepxy (pnc. 200). Bee ocrajib- 

on special cribs. The stay ring serves as a jig for assem¬ 
bling the wicket gates. The wicket gates are assembled 
complete with the operating mechanism seals on the 
stems and vanes fitting the vanes to each other and 
. adjustment of the operating mechanism (Fig. 198). 
The rubber seal is set in place on epoxy priming putty 
which is also used in sealing the joints when installing 
the parts in the final position. 

Then the stay ring is installed in place in one piece 
while the wicket gate assembly is handled in place in 
two halves. The wicket gate halves are stiffened by 
tack welding the vanes to the outer and inner rings 
or by bracing the outer ring to the inner one with 
special fasteners. The wicket gates can be assembled 
without using the stay ring, on a special rig (Fig. 199). 



The stator which is delivered to the site in 
two halves, is assembled into a ring in the horizontal 
position. The parting coils are placed in the slots and 
all insulation operations are carried out in this position. 
The horizontal stator joints, which are water washed 
during operation, should be sealed with a rubber cord 
and epoxy priming putty. Besides, a special liner is 
fixed on top of the joints for better cooling by water. 
The lower half of the intermediate ring is attached to 
the stator on the assembly floor. 

The rotor, which is shop assembled com¬ 
plete with the poles, is subjected to inspection, coupled 
with the shaft and dried out on the assembly bay. 
The rotor hub heated up to 150—160°C is shrunk 
on the shaft by lowering the shaft into the hub 
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npaBHJi ri Mep npeAOCTOpo>KHocTH, OTMeneHHbix b 
§ 5-7, ycTSHaBJiHBaeTCH pOTOp reHepaTopa c BajiOM 
h nojiiocaMH. n P H 3tom poTop reHepaTopa craBHTCH Ha 
rHApoAOMKpaTbi, pacnojioHceHHbie Ha xuiHTax CTeH^a. 
PeprynpoBKa poTopa othochtcjiiiHO och pacrroHKH 
CTaTOpa H BbICOTHOH OTMeTKH npOH3BOAHTCH C nOMO- 
iAbio AOMKpaTOB. IlepeA ycraHOBKOH poTopa oco6oe 
BHHMaHne oSpaiqaercH Ha ncnpaBHOCTb h HHCTOTy 3jie- 
MeHTOB CHCTeMbi Henocp e^CTB eHHoro BOAHHoro oxjia>K- 
AeHHH. 

OAHOBpeMeHHO C 3THMH paOOTa/VIH B CTOpOHe OT 
CTaTOpa Ha nepexoAHOM KOJibije, nocraBJieHHOM BBepx 
noacoM conpHHceHHH co cTaTopoM reHepaTopa, ycraHaB- 
jiHBaioT oSoHMy noAiHHnHHKa, 3aB0AH ee b pacTOHKy 
nepexoAHoro KOJibija coraacHO MapKHpoBKaM. 

ITocne 3Toro nepexoAHoe KOJibAO KaHTyeTCH Ha 
180° ajih npeABapHTejibHOH cSopKH AeTajieii ynopHoro 
noAiunnHHKa (noAnnTHHKa). IlepexoAHoe kojh>ao yera- 
HaB jihb aeTCH Ha CTaTop c noMOiAbio cneAHajibHoro 
noA'teMHoro npHcnocodjieHHH. 

IlocJie ropHHen nocaAKH BTyjiKH no aiihthhk a Ha 
Ban poTopa h npeABapHTejibHOH c6opKH y3Jia noAnuT- 
HHKa np oh3boahtch BbiBepKa nepneHAHKyjiHpHOCTH 
miocKOCTH TpeHHH A^cna k och Bajia cnocofioM, yna- 
3aHHbIM b § 5-9. 

IIpoBepHB nepneHAHKyjiHpHocTb njiocKocTH TpeHHH 
AHCKa k och Bajia h, b cjiynae HaAoOHOCTH, npoH3BeAH 
noAroHOHHbie paOoTbi h OTperyjinpOBaB KOHTpnoAnHT- 
hhk, poTop reHepaTopa pacKpeiuiniOT b CTaTope. Pac- 
KJIHHHBaHHe pOTOpa B CTaTope npOH3BOAHTCH nyTeM 
OT>KaTHH BocbMH paBHOMepHO pacnojio>KeHHbix no o6oAy 
nojnocoB, KOTopbie npeABapHTejitHo ocboGohcasiotch 
ot KpenniAHX Sojitob. B 3TOM cjiynae Me>KAy OT>KHMae- 
MblMH nojiiocaMH H aKTHBHOH CTajIblO CTaTOpa 3aKJia- 
AbmaiOTCH npeccmnaHOBbie npoKJiaAKH. 

3thm h 3aKaHHHBaeTCH cfiopKa yKpynHeHHoro y3jia 
reHepaTopa, KOTOpbiH 3areM nocjie KaHTOBKH b ropn30H- 
TajibHoe nojio>KeHHe a^jihkom CTaBHTCH Ha CBoe MecTO. 


T. MOBTA>K OflHOBAJTbHblX 
KAMCyjIBHBIX rilJXPOArPEFA'IX)B C 
EETOHHPOBAHHEM 3AKJIAHHBIS HACTEH 
nOCJIE KOMnJIEKCHOrO I^EHTPHPOBAHHB 

EcjIH >I<eCTKOCTb KOJIbACBblX 3aKJiaAHbIX ACTaJieH 

arperaTa no 3 BOJineT hx MOHTHpOBaTb h OKOHHaTejibHo 
AeHTpHpoB aTb ao SeTOHHpOBaHHH , to TaKOH cnoco 6 
MOHTa>i<a 6 yAeT Han 6 ojiee paAHOHajibHbiM, coKpamaio- 
IAHM Kan ahkji MOHTanca, Tan h o6iahh ijhkji ctpoh- 
TejibHO-MOHTa>KHbix padoT no OjioKy arperaTa. 

B 3tom cjiyuae ao Hanajia MOirra>KHbix pa6oT no 
ocHOBHbiM y3JiaM arperaTa b KpaTepe yCTaHaBjiHBaiOTCH 
h SeTOHHpyiOTCH TOJibKo aHKepHbie AOTajiH (aHKepa, 
njiHTbi h apO? a TaK>i<e 3aKJiaAHbie Tpyfibi h oSjihaobkh. 
Bee ocTajibHbie ACTajiH h y3Jibi CAaiOTCH noA 6eT0H 
BMecTe nocjie KOMnjieKCHoro AOHTpnpoBaHHH h cootbct- 
CTByioiAero pacnpenjieHHH Bcero THApoarperaTa. 


all precautions specified in Section 5-7. The rotor is 
mounted on hydraulic jacks arranged on the rig plates. 
The rotor is adjusted against the center line of the stator 
bore and to elevation with the aid of jacks. Prior to 
installing the rotor, one should make sure than the 
elements of the water-cooling system are clean and in 
good condition. 

Simultaneously with these operations, the bearing 
cage is fitted following the match marks into the 
bore of the intermediate ring which is positioned with 
the stator-adjoining flange looking up somewhere aside 
from the stator. 

After this, the intermediate ring is turned through 
180° to pre-assemble the thrust bearing parts. The 
intermediate ring is mounted on the stator with the 
aid of a special lifting device. 

After the thrust collar is shrunk on the rotor shaft 
and the thrust bearing parts are given a trial erection, 
the friction surface of the thrust runner is checked for 
squareness with respect to the center line of the shaft 
by the method specified in Section 5-9. 

After checking the friction surface of the thrust 
runner for squareness with respect to the center line 
of the shaft, carrying out the required fitting and adjust¬ 
ment of the counter thrust bearing, the rotor is secured 
in the stator. The rotor is wedged by pressing the eight 
poles which are spaced . at regular intervals around 
the rim and from which fixing bolts are removed 
beforehand. In this case, press-board spacers are 
inserted between the poles and the stator core. 

Erection of the generator assembly terminates with 
this operation. 

Thereupon, the generator assembly is turned in 
the horizontal position and lowered in place. 

D. INSTALLATION OF SINGLE-SHAFT BULB 
UNITS WITH CONCRETING 
EMBEDDED PARTS 
AFTER COMPLEX ALIGNMENT 

If rigidity of annular embedded parts allows for 
their installation and final alignment prior to concrete 
placement, such a method of installation will be the 
most rational one cutting short both the installation 
cycle and combined cycle of construction and installa¬ 
tion activities on the unit block. 

In this case, pendry the installation of major com¬ 
ponents of the hydropower unit in the pit only anchors 
(anchor bolts, plates etc.) and embedded sleeves and 
liners are installed. The remaining parts are released 
for concreting all together after complex alignment 
and proper fixation of the entire hydropower unit. 
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Phc. 202. IlepeAHHH uacTi* Kancyjibi nepe- 
hocpitch b KpaTep arperaTa 

Fig. 202. Bulb head portion is handled to 
unit pit 



IIocjieAOBaTejibHocTb h npHeMbi Momanca 3Aecb 
MoryT 6biTb npHHHTbi cjieAyioutHe: nocjie HaSopa 
HeofixOAHMOH npOHHOCTH OeTOHa, KOTOpBIM 6eTOHH- 
pyioTCH aHKepHbie njiHTbi, xpySbi, oSjihaobkh h Apy- 
rne aHKepHbie ACTajiH, b KpaTep arperaTa onycKaeTCH 
yKpynHeHHbiH y3eji nepeAHeii nacra Kancyjibi (pnc. 202), 
KOTopaa Rim yAoficTBa AaJibHeHiiiHX pafioT nocjie onyc- 
KaHHH HecKOJibKo OTOABHraeTCH ot cBoero npoeKTHoro 
nojio>KeHHH b HanpasjieHHH npoTHB noTOKa BOAbi. 
nocjie Kancyjibi b KpaTep onycKaeTCH CTaTop xypOniibi, 
KOTopbin y arperaTOB Khcbckoh T3C HMeeT Maccy 
130 t. Oh KamyeTCH (pnc. 203) h MOHrapyeTCH TaKJKe 
AejibiM y3JioM (pnc. 204). GraTop nocjie AeHTpHpoBaHHH 
b njiaHe h OTHOcHTejibHo reoAe3HnecKOH och arperaTa, 
a TaK>Ke KpenjieHHH k 3aKJiaAHOMy KOJibqy npHHHMaeTCH 
3a ncxoAHyio 6a3y a^ch AaJibHeniiiero Momaaca. 

EcjIH n03BOJIHeT BpeMH, TO CTaTOp MO>KHO 3a6eTO- 
HHpoBaTb OTAejibHO, ho b 3tom cjiynae moht 3 >k nocjie- 
AyioutHx y3JiOB npoH3Bo ahtch Jinmb TorAa, KorAa 6ctoh 
HaOepeT Heo6xoAHMyio npoHHOCTL. 


Sequence and methods of installing may be as 
follows: once the concrete used in concreting the 
anchor .plates, sleeves, liners, and other anchor em¬ 
bedments, has attained the required strength, the 
bulb head portion is lowered into the pit (Fig. 202). 
The head portion assembly has to be moved upstream 
from its final position to facilitate the installation 
work. Next the stay ring is lowered into the pit. On 
the Kiev hydropower units, it weighs 130 t. The stay 
ring is turned (Fig. 203) and erected in one piece (Fig. 
204). After the alignment of the stay ring in plan 
and to the geodetic axis of the unit and fixing it to 
the embedded ring, it is taken as reference for subse¬ 
quent installation operations. 

If time allows, the stay ring can be concreted sepa¬ 
rately, but in this case the next parts may be installed 
only after concrete has attained the required strength. 
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Phc. 203. KaHTOBKa crraTopa tvp6hhbi 


Fig. 203. Turning of turbine stay ring 



Phc. 204. OraTop tvp6hhbi nepenocHTCH b KpaTep arpe- 
raTa ^jih ycxanoBKH Ha (J>yH^aMeHT 

Fig. 204. Turbine stay ring is handled to unit pit to be 
installed on foundation 


CjieflyrontHM. MOHTHpyeMbiM y3JiOM HBjineTCH yKpyn- 
HeHHbiH yseji, coctohiahh H3 KaMepbi paSonero KOJieca, 
4)yHA3MeHTHoro KOJibija h KOHyca OTcacbraaiomeH Tpy- 
6bi. 3 tot yKpynHeHHbm y3eji nocjie onycKanun b Kpa¬ 
Tep, RJix yAoScTBa nocjieAyiomHx pa6oT, oTOABHraeTCH 
b HanpaBJieHHH noTOKa boabi. JUm onycKamiH hh>k- 
HeH nojiOBHHbi HanpaBJiHiontero annapaTa neobxoAHMo 
chhtb BepxHioio uacTB KaMepbi pa6onero KOJieca, TaK Kan 
6e3 3Toro nepByio He yAaeTcn 3aBecTH h nocraBHTB Ha 
MecTO. Hh>khhh nojiOBHHa HanpaBJimomero annapaTa 
onycnaeTCH b KpaTep c noMOHjbio cneimajiBHOH Tpa- 
Bepcbi npn pacKpenjieHHOM napy>KHOM kojibac k BHyr- 
peHHeMy cneAnajibHbiMH (JjapnonaMH hjih pa3BapKn 
npnxB aTKaMH jionaTOK k Hapy>KHOMy h k BHyTpeHHeMy 
KOjiBuy. Hh>khhh nojiOBHHa iianpaBJimontero annapaTa 
nocjie AeHTpnp ob aHHH KpeimTcn co cTaTopoM TypfiHHbi. 

IlepeA onycnaHneM b KpaTep yKpynHemioro 6jioKa 
arperaTa BepxHne nojiOBHHbi KaMepbi paSonero KOJieca, 
cf) y ha aMeHTHoro KOjiBija n 1/4 craTopa xypSiiHbi y6n- 
paiOTCH Ha cSoponHyio nJiomaAKy. B KpaTep arperaTa 
ycTaHaB jihb aiOTcn hh>khhh uacTB onopbi Typ Shhhofo 
noAinnniiHKa c iin>KHeH uacTBio BKJiaAbiuia, MOHTa>K- 
Hbie kojiohhbi, HHJKHHe pacTH>KKH h npHcnocoSjieHHe 


The next unit to be installed is the assembly con¬ 
sisting of the runner chamber discharge ring and draft 
tube cone. On lowering this assembly into the pit, 
it has to be moved downstream from its final position 
to facilitate the installation work. The upper part 
of the runner chamber must be removed because 
otherwise it is impossible to bring in and install the 
bottom half of the wicket gates in place. The bottom 
half of the wicket gates is handled in position with 
the aid of a special lifting beam and with the outer 
wicket gate ring fastened to the inner ring by means 
of special fasteners or by tack welding the vanes to 
the inner and outer rings. Upon the completion of 
alignment, the lower half of the wicket gates is coupled 
to the stay ring. 

Prior to lowering the enlarged unit assembly into 
the pit, the upper halves of the runner chamber discharge 
ring and a quarter of the stay ring are removed back 
to the assembly floor. Next installed in the pit are the 
lower part of the turbine bearing support with the 
lower half of the bearing shell, erection pedestals, 
lower braces, and fixtures for supporting the runner. 
At the Kiev hydroelectric plant, the enlarged unit 
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AJin onnpaHHH padouero KOJieca. YKpynHeHHbm 6jiok 
arperaTOB Khcbckoh T3C (oh HMeeT Maccy 350 t) c 
noMOinpbio KpaHa h cneimajibHOH TpaBepcbi (pnc. 205) 
AOCTaBjiHJiCH k MecTy ycTaHOBKH h onycKajica uepe3 
MOHTa>KHbiH npoeM b KpaTep arperaTa. UeiiTpHpyiOT 
6jiok dypTHKOM Ha cTaTope reHepaTopa no 3aTOUKe Ha 
CTaTOpe Typdmibi h conpnraeMbm otb ep cthhm b o6ohx 
craTopax, 3aTeM 6jiok onycnaioT Ha hh>i<hhh BKJiaAbim 
onopHoro noAninnHHKa TypdnHbi h Ha MOHTa>KHbie 
KOJIOHHbl. 

Ilocjie CTbiKOBKH craTopa reHepaTopa co CTaTopoM 
TypdnHbi h KpenneHHH onop npoMOKyTOHHoro KOJibita 
c MOHTa>KHbiMH onopaMH b KpaTep y CTaHaB jihb aiOT 
cHHTbie BepxHne nojiOBHHbi KaMepbi padonero KOJieca 
c (JjyHAaMeHTHbiM kojibaom h HanpaBJinioiAero annapaTa 
(pnc. 206), a TaKHce BepxHioio nojioBHHy npoMe>i<yTou- 
Horo KOJiBua, npncTbiKOBbiBaercH riepeAHun uacTB 
Kancyjibi h y CTaHaB jihb aiOTCH pacTHHCKH. YcTaHOBKa 
pacraHceK, hjih, TOHHee, nojiyneHHe b hhx paBHOMep- 
Horo HanpnHceHHH — BecbMa cepBe3Han onepannH, o 
KOTopofi: cjieAyeT CKa3aTB hcckojibko noApodHee. IIpH- 
AaHHe pacTH>KKaM paBHOMepHoro ycnjiHH AOcraraeTCH 
cjieAyioiAHM odpa30M. Tamm Ha pacTH>Ki<ax bxojioahom 
coctohhhh npeABapHTejibHO 3arnrHBaiOTCH npHMepHO 
paBHbIMH yCHJIHHMH. 3aTeM MeTOAOM HHAyKAHOHHbIX 
noTepb Bee pacraHCKH OAHOBpeMeHHo HarpeBaiOT ao 
3aAaHHOH pacneTOM TeMnepaTypbi. Ha yAJnmeHHbix ot 
HarpeBa pacrn>KKax Bee raiiKH noATurHBaioTCH Ha 3a- 
AaHHbiH yroji, nponopAnonajibribin A^HHe Ka>KAOH 
paCTHHCKH. KOHTpOJIb HanpH>KeHHH b pacTH>KKax npo- 
H3BOAHTCH 3aMepaMH BeJIHHHH yAJIHHeHHH Ha onpeAe- 
jieHHbix ynacTKax. Ecjih npn 3amepax odnapyumTcn 
HepaBHOMepHocTb ycnjiHH, onbiT noBTOpneTCH. 

nocjie KpenjieHHH pacTHH<eK h onupaiinn poTopa 
arperaTa Ha cboh onopHbie noAUiHnHHKH npOH3 BOahtch 
KOM njieKCHoe neHTpupoBaime Bcero rnApoarperaTa, 
KOTopoe cjieAyeT paccMOTpeTb oTAejibHo. 


assembly (weighing 350 t) was handled with the aid 
of a crane and a special lifting beam (Fig. 205) and 
it was lowered into the pit through the erection opening. 
The unit assembly is centered by aligning the pilot 
fillet on the stator to the recess on the stay ring and 
by squaring up the holes on the stator and stay ring. 
Then the unit assembly is lowered into the lower 
half of the turbine bearing and on the erection pedestals. 

After joining the stator with the stay ring and fixing 
the intermediate ring supports with the erection pedes¬ 
tals, the upper halves of the runner chamber discharge 
ring and wicket gates are transferred back into the 
pit (Fig. 206). The upper half of the intermediate ring 
is also installed in place. The head portion is coupled 
to the bulb and braces are installed. Installation of 
the braces or more exactly its uniform tensioning is 
rather a critical operation which should be discussed 
in more detail. Uniform tensioning is achieved by the 
following method. Nuts on the braces are uniformly 
tightened up in cold state. Then all the braces are 
heated by the induction loss method to a temperature 
specified by calculations. All the nuts on the braces 
elongated due to heating are tightened up through a 
pre-set angle proportional to the length of each brace. 
Tensioning of the braces is checked by measuring 
the magnitude of elongation at certain sections. If 
measurements reveal non-uniform tightening, the ope¬ 
ration must be repeated. 

On fixing the braces and lowering the unit rotating 
part onto the journal bearings, the entire unit under¬ 
goes complex alignment which should be discussed 
separately. 




Phc. 205. ynpyrnieimbm 6jiok arperaTa nc- 
peHocHTCH b KpaTep arperaTa 

Fig. 205. Enlarged unit block is handled 
to unit pit 
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Fig. 206. Upper section of wicket gate is assembled 
after installation of enlarged block in the pit 


KoMiuieKCHoe ijeHTpupoBaHHe 
rnApoarperaxa npOH3BOAHTCH cneAyioiUHM 
o6pa30M. 

3a cueT peryjmpyeMbix npoKJiaAOK Me>i<Ay onopHBi- 
MH IIJIOCKOCTHMH BKJia^BIIIia IIO^IIIHIIHHKa 1 (pHC. 207) 
h onopHOH noflyuiKH 2 , HMeionjeH flpyryio onop- 
Hyio noBepxHOCTB — ccj)epHuecKyio, ycraHaBjiHBaeTCH 
poxop reHepaTopa b cxaTope, TaK uto 3a3opBi Me>KAy 


poTopoM h CTaTopoM no Been a jume npoTHBonono>KHBix 
nojnocoB 6y^yT HanSojiee paBHOMepHBie. 

PaSonee KOJieco TypSmibi npH stom 3aHHMaeT Kanoe- 
to onpe^ejieHHoe nojio>KeHHe, KOTopoe b A^JibHenineM 
HBHTCH HCXOAHOH 6a30H RJIft IjeHTpHp OB 3HHH H OKOH- 
qaTejibHOH ycTaHOBKH y3Jia KaMepBi pa6ouero KOJieca 
c cJ)yHAaMeHTHBiM kojibijom h KOHycoM oTcacBisaiomeH 
TpySBi. 

OKOHMaTejiBHan npoBepna npaBH jibhocth ijeHTpH- 
pOBaHHH nOABH>KHBIX H HeilOABHHCHBIX y3JIOB npoH3- 
boahtch, naK h oSbihho, npn noBopoTax poTopa, o 
neM noApoOHo CKa3aH0 b pa3Aene JX § 6-5. IIo okoh- 
tiaHHH npOBepKH AeHTpnpOBaHHH y3JiOB rHApoarperaTa 
h OKOH^aTeJibHoro pacKpenjieHHH aHKepHBix uacefi k 
K aMepe, 4>yHAaMeHTHOMy KOJibijy h KOHycy OTcacBi- 
BaioiAeH xpy6bi bccb y3en 3aKJiaAHBix uacTefi CAaeTCH 

no a 6exoHHpoBaHne. 


Complex alignment of the hydro- 
power unit is performed in the following way. 

The rotor is aligned with respect to the stator by 
shimming between bearing shell 1 (Fig. 207) and saddle 
2 with a spherical supporting surface on the bottom 
side, to secure a uniform air gap over the entire length 
of the opposite poles. 

In the process, the runner assumes a certain position 
which will serve as a reference in centering and final 
positioning of the runner chamber with the discharge 
ring and draft tube cone. 

The final check of the stationary and rotating parts 
for alignment is made by rotating the rotor as descri¬ 
bed in detail in Subsection E of Section 6-5. On check¬ 
ing the unit components for alignment and finally 
securing the anchor parts to the runner chamber 
discharge ring and draft tube cone, to entire assembly 
of embedments is released for concreting. 


A-A 



Phc. 207. Pa3pe3 no onopHOMy noAimmHHKy 
I — c4>epa 

Fig. 207. Section through journal bearing 
/ — sphere 
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Phc. 208. YcTaHOBKa nepeKpbiTHH MOHTa>K- 
Horo npoeMa 

Fig. 208. Installation of hatch cover 



B nepnoAj KorAa npoH3BOAHXCH 6exoHHpoBaHne h 
6cxoh HaSnpaex HeoSxoAHMyio npouHOCTB, 3aKaHUH- 
BaiOTCH MOHxa>KHBie paSoTbi, npoH3BOAHMbie Henoc- 
peACXBeHHO b Kanciojie, KaK-xo: oKOHnamie cSopKH 
noAinnnHHKOBBix y3JiOB, ycxaHOBKa yruiOTHeHun, xpy- 
SonpOBOAOB, B03AyX0B0A0B, B03AyXOpa3AeJIHK)IAHX 
iahxoBj ajieKxponoABOAKa xepMOKOHxpoji h h Apyrne, 
a xaione 3aKaHUHBaexcn MOHxa>K chctcmbi peryjinpo- 
Bamm h ycxaHaBjiHBaexca nepeKpBixne MOHxa>KHoro 
npoeMa h npoxoAHon kojiohhbi. IlepeKpBiXHe MOHxa^K- 
Horo npoeMa MOHxnpyexcH xaione KpynHBiM y3JioM 
(pnc. 208). 3xhmh paSoxaMH h 3aKaHnnBaexcH mohxu>k 
rnApoarperaxa. 06lu,hh bha CMOHXHpoBamioro ropn- 
30HxajiBHoro KancyjiBHoro rnApoarperaxa nonasaH Ha 
pnc. 209. 

IIpeAnycKOBBie h nycKOBBie paOoxBi no arperaxaM 
paccMaxpHBaioxcH oxacjibho b tji. 8, 

3, MOHTA>K OflHOBAJIbHBIX 

KAncyjiLKLo: m3? o atpefatob c 

H03TAHHLIM EETOHHPOBAHHEM 
3AKJlASHbiX *IACTEH 

Cnoco6 MOHxanca KancyjiBHBix riiApoarperaxoB c 
nosxanHbiM SexoHHpoBaHHeM 3aKJiaAHBix nacTen hbjih- 
excH MeHee paipioHa jibhbim no cpaBHeHHio co oioco6om, 
xojibko nxo paccMOxpeHHBiM b pa3Aene T HacTomuero 
naparpa^a, Orhzko b HenoxopBix enynanx, onpeAe- 
jineMBix nan KOHCxpyKitneH rnApoarperaxa, Tan h 
npHHHXOH CXCMOH npOH3BOACXBa CXpOHTeJIBHBIX paSOT, 
oh MO>nex npHMeHHXBCH. CyTB 3Toro cnocoOa cboahtch 
k cjieAyioiAeMy. 

B Kpaxepe arperaTa BHanajie MOHmpyexen h SexoHH- 
pyexen exaxop xypOHHBi. IIpH sxom 3a ncxoAHyio 6a3y 
npn AeHxpHpoBaHHH exaxopa npHHHMaiOTCH reoAC3H- 
necKne och arperaTa, H3 kotopbix npoAOJiBHan ocb 
coBnaAaer c ocbio paHee 3a6eTOHHpOBaHHBix onop 
pacranceK. 


While concreting is carried out and the concrete 
attains the required strength, the following erection 
operations are completed within the bulb: assembly 
of the bearings, installation of the seals, pipings, air 
ducts, air baffles, temperature control wiring, etc. 
At the same time, installation work is completed on 
the regulation system and generator hatch cover and 
access tube cover plate. The hatch cover is installed 
as an integral assembly (Fig. 208). Installation of the 
hydropower unit terminates with these operations. 
For a general view of the installed bulb unit see 
Fig. 209. 

Pre-starting and commissioning operations on the 
hydropower units are discussed separately in Chapter 8. 

E, INSTALLATION 
OF SINGLE-SHAFT BULB 
UNITS WITH STAGED CONCPEIING 
OF EMBEDDED PARTS 

The method of installing bulb units with staged 
concreting of embedded parts is less rational as com¬ 
pared to that discussed in Subsection D of this Section. 
However, this method can find application in some 
cases which are governed both by the construction of 
the unit and adopted scheme of work execution. This 
method consists in the following. 

Erected and concreted first in the unit pit is the 
stay ring. The geodetic axes of the unit of which the 
longitudinal axis coincides with the center of previously 
concreted brace supports, are taken as basic reference 
in the alignment of the stay ring. 
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ITocjie HaSopa GeTOHa hcoGxoahmoh npoHHocTH, 
npHHHMan ocb h noBepxHocxt pacroHKH CTaTopa 3a 
6a3y, MOHTHpyioTCH naMepa paGonero KOJieca, KOHyc 
OTcacbiBaiomeH TpyGbi h c^yH^aMeHTHoe kojibijo. 3th 
y3Jibi MoryT MOHrapoBaTb cpa3y oahhm Gjiokom, coG- 
paHHbiM Ha c6opohhoh mtoma^Ke. JJjih hckjhohchhh 
B03M07KHBIX OIHhGok npH yCTaHOBKe H I^eHTpHpOBaHHH 
3thx y3JiOB no cTaTopy ijejiecoo6pa3HO BpeMeHHO ycTa- 
HaBjiHBaTt y3eji HanpaBJimoiqero annapaTa h KOMneH- 
canHOHHoe kojibxjo . 

Ilpn 3T0M KOMnjieKce pacKpenjieHHbie k BbinycnaM 
apMaTypbi MOHTHpyeMbie y3Jibi c^aiOTCH no a GexoH. 
Kan tojibko GeTOH HaGnpaeT HeoGxoAHMyio npoHHOCTb, 
BepxHne nacra KOJibijeBbix ^eTanen mohcho CHHMaTb 
^jih b o3 mo>khocth onycKaHHH b KpaTep yKpynHeHHoro 
SjiOKa. 

J^ajibHenniHH MOHTa>K npoH3BOAHTCH TeM >Ke nopnA- 
kom, KOTopbifi paccMOTpeH b pa3Aejie r HacToniqero 
naparpac})a. HcKJiioneimeM HBJineTCH to, hto 3Aecb 
npn i^eHTpHpoBaHHH poTopa arperaTa 3a ncxoAHyio 
6a3y SepeTcn y>ne 3a6eTOHHpoBaHHaa KaMepa paSonero 
KOJieca TypSnHbi. 

B. OTJIHHMTEJXMIblE OCOEEHHQCTH 
MOHTAiKA flByXBAJIbHMX 
KAiicyjmHbix rnHPOArPEfATOB 

J^ByxBajiBHbie KancyjiBHbie rnApoarperaTbi, Tan >Ke 
KaK H OMHOBaJIBHbie, MOryT MOIITHpOBaTBCH JlIoSbIM H3 
cnocoGoB, paccMOTpeHHbix b pa3AeJiax T h Hacron- 
mero naparpa(J)a. 

OTjiHHHTenbHOH ocoSeHHOCTBK) paGoT npn jiioGom 
cnocoGe MOHTa>Ka AByxBajiBHbix rnApoarperaTOB hbjih- 
eTCH to, hto 3AecB BMecTO OAHoro yKpynHeHHoro GjiOKa, 
nan 3to HMeeT MecTO npn MOHTa>Ke oAHOBajiBHbix arpe- 
raTOB, b KpaTep nocjie ycTaHOBKH h GeTOHHp ob 3hhh 
CTaTopa TypSnHbi ycTaHaB jihehiotch pa3AenBHo ABa 
GjiOKa — Gjiok poTopa TypGnHbi h Gjiok reHepaTopa, b 
cocTase CTaTopa, poTopa c BanoM, nepexoAHoro kojibua 
c oGohmoh noAuinnHHKa h noAnHTHHKa. 

PaSoTbi no AeHTpnp ob aHHio THApoarperaTa 3 AecB 
cjio>KHee h b bino jihhiotch ohh b Asa 3 Tana. B nepBOM 
AeHTpHpyeTcn Ban reHepaTopa k Bany TypGnHbi, a bo 
BTopoM nocjie cnapHBaHHH BanoB np 0 H 3 B 0 AHTCH u;eH- 
TpHpoBaHHe Bcero THApoarperaTa. Bee ocTajibHbie pa- 
6otbi no MOHTa>i<y y 3 Jios h as Tanen arperaTa Bbinoji- 
HHIOTCH CnOCoGaMH, aHajIOrHHHblMH paCCMOTpeHHbIM B 
pa 3 Aenax Th HacTOHiijero naparpacfja. OGmotkh CTa- 
TOpa c HenocpeACTBeHHbiM boahhbim oxjia>KAeHHeM 
MOHTHpyiOTCH oiocoGom, anajiorHHHbiM paccMOTpeH- 
HOMy b § 5-6. 


Once the concrete has attained the required strength, 
the runner chamber discharge ring and draft tube 
cone are installed with the stay ring bore taken as a 
reference. These parts can be installed in one assembly 
put together on the assembly floor. To preclude pos¬ 
sible errors in the installation and alignment of these 
parts to the stay ring it is wise to install temp¬ 
orarily the wicket gates assembly and the wearing 
ring. 

The parts secured to the reinforcing bars are relea¬ 
sed for concreting. As soon as the concrete has attained 
the required strength, the upper sections of the annular 
elements can be removed to lower the enlarged unit 
assembly into the pit. 

Subsequent installation operations are conducted 
in the order described in Subsection D of this Section 
with the exception of the fact that here the unit 
rotating parts are aligned to the concreted runner 
chamber. 

F. INSTALLATION 
OF DOUBLE-SHAFT 
BULB UNIT 

Similar to single-shaft bulb units, the double-shaft 
ones can be assembled and installed by any of the 
methods described in Subsections D, E of this Section. 

Whatever method adopted for the installation of 
the double-shaft bulb units, however, peculiarity lies 
in the fact that instead of one assembly, as is the case 
with single-shaft units, two separate assemblies are 
lowered into the pit (runner and shaft assembly and 
generator assembly consisting of the stator, rotor with 
shaft, intermediate ring with bearing cage, and thrust 
bearing) after concreting the stay ring. 

Alignment operations are more complex and they 
are conducted in two stages. First the generator shaft 
is centered to the turbine shaft. During the second 
stage, the shafts are coupled and alignment of the entire 
unit is performed. The remaining work on the instal¬ 
lation of the parts and components is performed by 
methods similar to those discussed in Subsections D, 
E of this Section. Water-cooled stator windings are 
installed by the method similar to that discussed in 
Section 5-6. 
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7 


M0HTA2K CHCTEMbl PEryAHPOBAHHH 

INSTALLATION OF SPEED 
GOVERNING SYSTEM 


7-1, HA3HAHEHHE PErVJIJITOPOB 
CKOPOCTH BPAU^EHHH 
niflPOTyPEHH H HX 
KJIACCH«>HKAHH5I 

IIoApoSHoe paccMOTpeHHe BonpocoB peryjinpoBa- 
HHH CKOpOCTH BpaiH,eHHH THAp OTyp 0 HH HHTUTeJIB HaHACT 
b cneAHajiBHOH jiHTepaType, 3 Aeci> nee Mbi ynanceM 
mum Ha ocHOBHbie npHHijHnbi peryjiHpoBaHHH cko- 
pOCTH BpameHHH, 3 HaHHe KOTOpbIX HeoSxOAHMO RJ1H 
ocMbicjieHHoro MoiiTa>Ka rnApoarperaTOB h hx nycKO- 
BblX HCnbITaHHH. 

ABTOMaTHHeCKHH peryjIHTOp CKOpOCTH BpameHHH 

THApOTypSHH - 3 TO CHCTeMa SJieKTpHHeCKH, KHHeMa- 

THHeCKH H THApaBJIHHeCKH CBH 3 aHHbIX MORAY COGOH 
MexaHH 3 MOB, CeTH TpySonpOBOAOB H APyrHX yCTpOHCTB. 

BbipadaTbiBaeAian rHApoarperaraMH 3 JieKTpo 3 HeprHH 
AOJi>KHa HMeTb nocTOHHHyio nacTOTy TOKa, paBHyio 
50 Fa. IIpaBHJia TexHHnecKOH sKcroiyaTaAHH ajieKTpo- 
CTaHAHH h ceTeii AonycnaiOT otkjiohchhh ot stoh bcjih- 
HHHbi He 6 onee He m Ha ± 0 * 2 %. 

^acTOTa TOKa AOJi>KHa BbiAep>KHBaTbCH A^Hce TorAa, 
KorAa rHApoarperaT paSoTaeT Ha OTAejiBHyio ceTB, TaK 
KaK Bee 3JieKTponoTpe6HTejiH, a cjieAOBaTejibHo, h Tex- 
HHuecKHe nponeccbi ctpohtch b pacuere Ha 3Ty uacTOTy. 

3 aBHCHM 0 CTb Me>KAy CKOpOCTbK) BpameHHH THApO- 
arperaTa h nacTOTOH TOKa f BbipancaexcH (|>opMyjioH: 

/' 60 «/ 
n = - OD/MHH. 

P 

H 3 3Toro paBeHCTBa bhaho, hto npn nocTOHHHOM 
HHCJie nap nomocoB p noAAep>KHBaTb nocTOHHHyio na- 
cTOTy TOKa / mohcho HHuib nyTeM noAAepncHBaHHH Ha 
oahom ypoBHe ckopocth BpameHHH THApoarperaTa n. 
A nocJieAHHH mohcct 6 bitl nocroHHHOH b tom cjxynae, 
ecjiH ABH>Kymnn momcht M flB na Bajiy THApoarperaTa 
6yAeT paBeH MOMeHTy conpOTHBJieHHH M C5 T.e. npn 
= Af c . 

JiBHHcymHH MOMeHT, nepeAaBaeMbiH Bajiy thapo- 
arperaTa, co 3 AaeTcn totokom boahi, npoxoA^muM nepe 3 
paGouee Kojieco rHApOTypGHHbi. Momcht conpoTHBJie- 
hhh npeACTaBJineT coGoh cyMMy MOMeHTa 3 JieKTpnuec- 
Koro, KOTopbiii cocTaBJineT nojie 3 Hyio Harpy 3 Ky reHe¬ 
paTopa, H MOMeHTOB, BbI 3 bIBaeMbIX, BO-nepBbix, conpo- 
THBJieHHeM TpeHHIO B nOAniHnHHKUX, HOAnHTHHKe H B 
BeHTHJiHAHH THApoarperaTa, Bo-BTOpbix, 3 JieKTpnuec- 
khmh noTepHMH h np. 

npn paboTe THApoarperaTa noA Harpy 3 Koii Henpe- 
pbiBHo nponcxoAHT HapyuieHHe paBeHCTBa momchtob 
ABH>K ymero h conpOTHBJieHHH, Tan KaK nojie 3 Han Ha- 
rpy3Ka Ha arperaTe to h AeJio noABepraeTCH H 3 MeHeHHio 
H 3 - 3 a OTKJIIOHeHHH HJIH npHcoeAHHeHHH pa 3 JiHHHoro 
poAa noTpeGHTenen, b to BpeMH KaK ABHH<ymHH MOMeHT 
Ha Bajiy arperaTa b HanajibHbiH nepnoA H3MeHeHH h 
nojie 3 Hon Harpy 3 KH ocTaeTCH HeH 3 MeHHbiM. 

B jiioGoh MOMeHT padoTbi THApoarperaTa cymecTByeT 
cjieAyiomee paBeHCTso: 


7-1- HYDRAULIC TURBINE SPUED 
GOVERNORS* 

PURPOSE 

AND CLASSIFICATION 

The problems of speed regulation of hydraulic 
turbines are considered in detail in special publications. 
This chapter deals only with basic principles of speed 
regulation that may be required for proper installation 
of hydropower units and for pre-start tests. 

The automatic hydraulic-turbine speed governor 
is a system of electrically, kinematically and hydrauli¬ 
cally connected mechanisms, piping, and miscellaneous 
devices. 

Power generated by hydropower units shall have 
a constant frequency of 50 Hz. Permissible deviations 
from this value, according to the Regulations for 
operation and maintenance of power stations and 
grids, shall not exceed ±0.2%. 

The above frequency shall be maintained even 
when the unit is connected to an isolated network, 
because all power consumers and, hence, all the pro¬ 
duction processes are designed for the above frequency. 

The unit speed — frequency (f) relationship is 
expressed by the formula: 


p 

From the equation it is seen that at a constant 
number of pole pairs p the constant frequency / can 
be maintained only by keeping the unit speed n at 
the same level. The n value can be maintained constant 
only if the running torque Tr on the unit shaft is equal 
to the drag torque Td, i.e. if Tr — Td . The running 
torque transmitted to the power unit shaft is created 
by the water flow passing through the turbine runner. 
The drag torque is a sum of the electric torque (being 
the net load of the generator) and the torques caused 
by (a) friction in the guide bearings, thrust bearing 
and by windage in the unit, (b) by electrical losses, etc. 

When the unit is running under load the equality 
between the running and drag torques is disturbed 
all the time, since the net load on the unit is continually 
changing due to switching off/on different consumers, 
while the running torque on the shaft of the hydro- 
power unit at the initial moment of change of the net 
load remains constant. 

The following equation is valid for any operation 
moment of the hydropower unit: 
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Mr b — Me + J - ) 

dt 

rjjfi j — MOMeHT HHepmiH poTopa raApoarperaTa; w — yrjioBan 
cKOpocTB BpameHHH raApoarperaTa. 

Ecjih b npoijecce padoTbi raApoarperaTa hoa Ha- 
rpy3KOH npoH3omjio yMeHbmeHHe nojie3HOH Harpy 3 i<h, 
HBjiHioiAeHCH ochobhoh cocTaBJiHiomeH MOMeHTa conpo- 
THBJieHHH, TO paBCHCTBO Cpa3y >KC HapyiHHTCH. H36 e>I~ 
tok ABHHcymero MOMeHTa HaA paBeHCTBOM conpoTHB- 

o . dw 

jichhh noHAeT Ha yBejinueHHe cocTaBJiHiomeH j _. 

dt 

Ho TaK Kan MOMem HHepAHH y Aannoro raApoarperaTa 

HBJIHCTCH npaKTHHeCKH BeJIHHHHOH nOCTOHHHOH, TO 

npoH30HAeT yBejinneHne dw/dt , a cjieAOBaTeJibHO, h 
HHCJia oSopoTOB b eAHHnuy BpeMeHH. Tan nan hhcjio 
oSopotob raApoarperaTa H3 ycjiOBHH nocTOHHCTBa 
HaCTOTBI TOKa H3MeHHTb HCB03M0>KH0 , TO, CJieAOBa- 
TeJIbHO, HaAO H3MCHHTB JieBblH HJieH paBeHCTBa, T.e. 
M nB , hjih, BepHee, h3mchhtb moiuhoctb raApoTypdnHbi, 
yMeHBHiHB AOCTyn boabi k padoneMy KOJiecy, hto aocth- 
raeTCH nacTHHHbiM npHKpbiTHeM jionaTOK nanpaBJiHio- 
rqero annapaTa. 3Ty padoTy h bbihojihhiot opraHBi 
cHCTeMBi peryjinpoBaHHH. 

TaKHM o6pa30M, cncTeMa peryjinpoBaHHa ckopocth 
T ypSHHBi npeAHa3HaneHa ahh noAAep>KaHHH itoctohh- 
hoh ckopocth BpameHHH raApoarperaTa npn H3MeHHio- 
h^hxch Harpy3Kax. 

CjieAyeT OTMeraTB, hto MexaHH3MBi CHCTeMBi pery- 
JIHpOBaHHH CKOpOCTH BpaiAeHHH rHAPOTyp6HHBI o6jia- 
AaiOT onpeAejieHHOH HHepAHeii, b CHJiy Hero npn H3Me- 
HeHHH Harpy3KH Ha reHepaTop ohh He MoryT npoH3- 
Becra MTHOBeHHoro H3MeHeHHH pacxoAa BOABI, HOABO- 
Ahmoh k padoneMy KOJiecy raApoTypdmibi. 

3 HaHHTejiBHyio noMoiAB CHCTeMe peryjrapOBaHHH b 
H aCTH nOAA^pHeaHHH nOCTOHHCTBa HHCJia oSopOTOB npn 
H3MeHeHHH Harpy30K Ha arperaT b HanajibHbiH nepnoA 
peryjiHpOBaHHH 0Ka3BiBaeT MaxoBon momcht poTopa 
arperaTa, kotopbih npenHTCTByeT dbicTpoMy H3MeHeHHK> 
ckopocth BpameHHH raApoarperaTa. UHCJieHHoe 3Ha- 
neHHe MaxoBoro MOMeHTa npeACTaBJineT codofi npOH3- 
BeAeHHe Beca poTopa G (b TOHHax) Ha KBaApaT Ana- 
Merpa HHepAHH D (b MeTpax) BpamaiomuxcH nacreH 
rHApoarperaTa OTHOCHTejitHO och BpameHHH. HeM 
SojiBine MaxoBon momcht npn 3aAaHHOH ckopocth Bpa- 
meHHH, TeM MeHBiue noABepnceH arperaT H3MeHeHHio 
CKOpOCTH npH H3MeHeHHH HaTpy3KH. OAHaKO yBeJIH- 
neHHe MaxoBoro MOMema Tpe6yeT yBejiHHeHHH jih6o 
Beca poTopa reHepaTopa, jih6o ero AnaMeTpa. Boo6m l e 
nee BejiHHHHa MaxoBoro MOMeHTa onpeAejineTCH H3 
ycjiOBHH peryjinpoBaHHH h pe>KHMOB paSoTBi onepro- 
CHCTeMBI. 

no cnocoGy noAaHH Macna noA AaBJieHHeM k pery- 
jinpyiomeMy opraHy peryjiHTopBi noApa3AeJiHK)TCH Ha 
npOTOHHBie H KOTeJIBHBie. npOTOHHBie npHMeHHIOTCH 
Ha MejiKHx Typ6HHax, a KOTejiBHBie — Ha KpynHBix. 
B npoTOHHBix peryjiHTopax Macjio noA AaBJieHHeM k 
30 JiOTHHKy, a ot Hero k cepBOMOTopy noAaeTCH Heno- 
cpeACTBeHHO HenpepBiBiio BpamaioiAHMCH HacocoM. B 


where j is moment of inertia of generator rotor; w is angular 
speed of the hydropower unit. 

If during the operation of the hydropower unit 
under load, the net load (which is the main component 
of the drag torque) decreases, the equation is disturbed 
immediately. The excess running torque over the drag 

torque will increase the component j^~. However, 

dt 

since the inertia moment of the given hydropower 
unit is practically a constant value, the dw/dt com¬ 
ponent and, consequently, the rotational speed per 
time unit, will increase. Since the rotational speed of 
a hydropower unit cannot be changed proceeding from 
the condition that frequency is to be constant, it is 
necessary to change the left term of the equation, 
i.e. T t , or rather to change the turbine capacity by 
decreasing the amount of water reaching the runner, 
which can be done by partially closing the wicket 
gates. This is just the function of the governing system 
mechanisms. 

So, the speed governing system of the hydraulic 
turbine is designed to keep constant the hydropower 
unit speed under varying loads. 

It should be noted that the governing system mecha¬ 
nisms feature a certain inertia owing to which in case 
of a change in the generator load they cannot at once 
change the water flow admitted to the turbine runner. 

During the initial period of regulation, the rotatio¬ 
nal speed is maintained constant at a change in the 
load on the unit due to the flywheel torque of the 
rotor which prevents rapid change of the hydropower 
unit speed. The numeric value of the flywheel torque 
is the product of the rotor mass G (in tons) times 
the square of inertia diameter D (in meters) of the 
rotating parts of the hydropower unit about to the 
axis of rotation. The greater the flywheel torque at 
a preset rotational speed the lesser the power unit 
is susceptible to speed variation with load. However, 
an increase in flywheel torque requires either an increase 
in the generator rotor mass or an increase in its dia¬ 
meter. In general, the flywheel torque depends upon 
the regulation conditions and power grid operating 
conditions. 

The governors differ in design (once-through and 
oil-pressure tank types) depending upon the method 
of oil supply under pressure to the governing element. 
The once-through governors are installed on small 
turbines while the oil-pressure tank governors are used 
for large turbines. In the once-through governors oil 
is supplied under pressure to the governor valve and 
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3tom THne peryjiHTopoB pacnpeAejiHTejiBHBin 30 jiothhk 
HM eeT TapejiKy no bbicotc HecKOJibKo MeHbine bbicotbi 
paSoHHX okoh b Kopnyce 30Ji0THHKa (oTpnitaTejibHoe 
nepeKpBiTHe), b cmiy uero uaerb Macna ot Hacoca 
Henp epBiBHO yxoAHT uepe3 sojiothhk b cjihbhoh 6an, 
He npoH3Bo ah nojie3i-ioH padoTBi. 

B peryjiHTopax KOTejibHoro rana Macjio H3 Sana 
MacjioHanopHon ycTaHOBKH HacocoM noAaeTCH b anny- 
MyJIHTOp AUBJieHHH, npeACTaBJIHIOIAHH co6oh MaCJIO- 
b 03 Ay hihbih KOTeji. H 3 KOTJia Macjio pacxoAyeTCH Ha 
ABHHceHHe nopuiHH cepBOMOTopa, coBepmaeMoe npn 
OTKpbiTHH hjih 3aKpBiTHH HanpaBJiHioiuero annapaTa 
npn peryjinpoBaHHH ckopocth BpameHHH arperaTa, a 
Tannce npn nycnax ero h ocraHOBKax. KpoMe Toro, 
Macjio H3 KOTJia pacxoAyeTCH h Ha Apyrne onepaipiH 
no ynpaBJieHHio arperaTa h BcnoMoraTejibHbiMH ycTpoii- 
CTBaMH. PacnpeAejiHTejibHbiH 30 Jiothhk KOTejibHoro 
peryjiHTopa HMeeT nojio>i<HTejibHoe nepeKpbirae, T.e. 
BbicoTa ero TapejiKH HecKOJibKo dojibine, ueM BbicoTa 
paSouHx okoh Kopnyca 30JiOTHHKa. 

no nHCJiy BbinojiHeHHH 4>yHKAHH peryjiHTopbi noA- 
pa 3 AeJiHioTCH Ha peryjiHTopbi, B03AeHCTByioiime Ha 
oahh peryjinpyioiAHH opraH, h Ha peryjiHTopbi, B03Aen- 
CTByioinue Ha ABa hjih 6ojiee peryjiHpyioinux opraHOB. 

no npHHAHny peryjinpoBaHHH ManraHKa npn H3Me- 
HeHHH ■ peH<HMa paboTbi arperaTa peryjiHTopbi noApa3- 
AejiHiOTCH Ha peryjiHTopbi, AencTByioiAHe no ckopocth, 
h peryjiHTopbi, AencTByiomue no ckopocth h ycKO- 
peHHio. B nepBbix ManraHK pearapyeT tojibko Ha H3Me- 
HeHHe CKOpOCTH, a BO BTOpbIX — Ha H3MeHeHHe CKO¬ 
POCTH H yCKOpeHHH. 

PeryjiHTopbi, ACHCTByioiAHe no ckopocth h ycKO- 
peHHio, dbicTpee peajiH3yioT HMnyjibc, noAaBaeMbiii Ha 
H3MeHeHHe Harpy3KH, Tai< KaK b nepBbin momcht nepe- 
xoAHoro nponecca ycKopeHne cpa3y nee npnodpeTaeT 
MaKCHMajibHoe 3HaneHHe, b to BpeMH KaK cKopocTb b 
3T0T MOMeHT H 3 MeHHCTCH BeCbMa He3HaHHTeJIbHO. 

no KOHCTpyKTHBHBIM HCHOJIHeHHHM peryJIHTOpbl 

moh<ho noApa3AejiHTb s Ha raApoMexaHHnecKHe h ajieK- 
TporHApaBJinnecKHe. B raApoMexaHnnecKHx peryjiH¬ 
Topax Bee uyBCTBHTeJibHbie, ynpaBJiHiomne h hoioji- 
HHTeJIbHbie MexaHH3MbI HBJIHIOTCH MexaHHHeCKHMH H 
raApaBjiHuecKHMH. B peryjiHTopax 3JieKTporaApaBjiH- 
necKHx Bee HecHJiOBbie 3JieMeHTbi npeACTaBJieHbi b BHAe 
pa3JiHHHbix 3 jieKTpnnecKHx ycrpOHCTB , a cHJiOBan 
nacTb HBjineTCH raApoMexaHHuecKOH. CospeMeHHbie 
KpynHbie rHApoarperaTbi odopyAOBaHbr KOTejibHbiMH 
rHApoMexaHHnecKHMHH 3JieKTporaApaBJiHnecKHMH pery- 
JIHTOpaMH. npH 3T0M 3JieKTp OTHApUBJIHHCCKHe, KaK B 
CCCP TaK h 3 a pydencoM, 3a nocjieAHee BpeMH CTajiH 
HaxoAHTb cede caMoe runpoKoe npHMeHemie. 

Hnnce b § 7-2 paccMOTpHM hcckojibko npuHAHnnajib- 
Hbix cxeM peryjinpoBaHHH. 


therefrom it is passed directly to the servomotor by 
a continuously rotating pump. In the governor of 
this type the height of the distributing valve head is 
somewhat less than that of the parts in the valve body 
(negative overlapping) and owing to this a part of the 
oil from the oil pump escapes continuously through 
the valve into the sump tank, thus being wasted. 

In the oil-pressure tank governors oil is pumped 
from the oil-pressure tank to the pressure accumulator 
tank which is an air-oil pressure vessel, wherefrom 
the oil is supplied under the servomotor piston which 
moves at opening or closing of the wicket gates, while 
regulating the unit speed and also at start and stop 
of the unit. Besides, the oil is also consumed for other 
control operations on the unit and its auxiliaries. 
The distributing valve of the oil-pressure tank governor 
features a positive overlapping, i.e. the height of the 
valve head is a little bit greater than that of parts in 
the valve body. 

Depending on the number of functions performed 
the governors are subdivided into those acting on one 
regulating member and governors acting on two or 
more regulating members. 

Depending on the principle of pendulum regulation 
when the operating conditions of the unit change, 
the governors are subdivided into speed responsive 
governors and speed and acceleration responsive gover¬ 
nors. In the former case, the pendulum responds only 
to a change in speed and in the latter, to a change in 
speed and acceleration. 

The speed and acceleration responsive governors 
are quicker to actuate on receiving a load change 
pulse, because at the first moment of the transient the 
acceleration immediately reaches its maximum, while 
the speed at the same moment changes negligibly. 

According to mechanical design, the governors can 
be subdivided into actuator-type and electrohydraulic 
ones. In the actuator-type governors all sensing, con¬ 
trol and actuating mechanisms are mechanically and 
hydraulically driven. In electrohydraulic governors all 
sensing and controlling elements are electrical devices 
of various types and the driving elements are hydro¬ 
mechanical devices. The modern large hydraulic units 
are equipped with oil-pressure tank actuator-type and 
electrohydraulic governors. Electrohydraulic gover¬ 
nors have found ever extending application in the 
USSR and abroad. Below given in Section 7-2 are the 
discussions of several schematic diagrams of speed 
governing systems. 
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7-2. UPHE HJHXIH AJU>HME CSEMbI 
PBryJIHFOBAHHH 

a. nPMHqiinHAjn>HA^ cxema 

PEF^MIHTOPA KOTEJ1EHOIO TMTIA C 
M30HP0MHEIM BIjOCJIIO^IATEJIEM 

PeryjiHTop KOTejiraoro THna c H30ApoMHbiM bbi- 
KjnonaTejieM h o/xnHapHbiM ^encTBiieM B03AeficTByeT 
TOJibKO Ha oahh peryjmpyioiAHH oprai-i, kotopbih H3Me- 
HneT KOJiHHecTBo nponycKaeMoii nepe3 ra^poTypSHHy 
BOffbi (puc. 210). PeryjinpoBaHHe KOJinnecTBa nponyc- 

KaeMOH nepe3 ruApoTypOHHy boabi 3Aecs iipoh3boahtch 

H3MeHeHHeM BeJIHHHHbl OTKpbITHH JIOnaTOK HanpaBJIHIO- 
mero annapaTa. 

PeryjiHTopbi Tanoro THna ycTaHaBJiHBaioTCH Ha th- 
ApoarperaTax c paAnajibHo-oceBbiMH h nponejuiepHbiMH 
THApOTypflHHaMH h coctoht H3 cjie^yionxHx ochobhbix 
y3JiOB: u.eHTpoOoKiioro MaHTHHKa 5, pacnpeAeJimejib- 
Horo 30Ji0THHKa 2, cepBOMOTOpa HanpaBJimomero anna¬ 
paTa 3> MacjiOHanopHOH ycTaHOBKH 7, BbinjiionaTejiH c 
H30ApOMHbIM MexaHH3MOM 4. PaCCMOTpHM ACHCTBHe 
KaHC^OrO H3 3THX y3JIOB npn H3MeHeHHH Harpy3KH, T.e. 
b npou,ecce peryjinpoBaHHH. 

IleHTpo6e>KHbiH m a h t h h k npeACTaB- 

JIHCT COSOH HyBCTBHTeJIbHblH 3 JieMeHT, BpamaiOn^HHCH 

chhxpohho c rn^poarperaTOM. Oh pearnpyeT Ha H3Me- 
HeHne cKOpocra BpauxeiiHH rHApoarperaTa npn H3Me- 
HeHHH Harpy3KH, npHBOAH B COOTBeTCTBHe ABHJKyiAHH 
MOMeHT Ha Bajiy th Ap 0 Typ 6hhbi c momchtom chji conpo- 

THBJieHHH. 

IIpH H3MeHeHHH cKopocTH BpameHHH arperaTa MaaT- 
hhk nepes pbinaJKHyio CHCTeMy B03ACHCTByer Ha pac- 
npeAejiHTeJiBHbiii sojiothhk, nepeMeman ero b Ty hjih 
Apyryio cropoHy, OjiaroA^pa neMy h oSecneHHBaeTca 
AOCTyn Macjia noA A aB JieHHeM H3 KOTJia MacjiOHanopHOH 
yCTaHOBKH B COOTBeTCTByiOmyiO nOJIOCTb cepBOMOTOpa 
HanpaBaaioiAero annapaTa. CBoe BpameHne MaaTHHK 
noJiynaeT ot rHApoarperaTa nepe3 peMeHHyio, syOnaTyio 
hjih 3 JieKTpHnecKyio nepeAany. CoBpeMeHHbie rHApo- 
arperaTbi , paSoTaiomne b SHeprocHereMax, o6bihho 
HMeioT 3JieKTpHHecKyio nepeAany. B Hen nHTaHHe k 
3 JieKTpoABHraTejiio MaaTHHKa noAaeTca ot cneijHajibHoro 
reHepaTOpa nepeMeHHoro TOKa. PoTOp 3Toro reHepaTOpa 
oObinHO ObmaeT Haca>KeH Ha oahom Baay c potopom 
raaBHoro reHepaTOpa HMeer nojiiocbi c nocToaHHbiMH 
MarHHTaMH. 3 tot cneijHajibHbiH reHepaTOp hocht Ha3- 
BaHHe neHACJib-reHepaTOpa. HHorAa pOTOp neHAejib- 
reHepaTOpa nojiynaeT BpaiAenne ot Bajia rHApoarperaTa 
nepe3 3y6naTyio hjih Apyry 10 nepeAaay. 

He pacciviaTpHBaa Bee B 03 M 0 >KHbie KOHCTpyKAHH 
MaaTHHKOB 5 orpaHHHHMca JiHHib AByMH 3 aMenaHHaMH 5 
KacaiomHMHca sthx KOHCTpyKijHH: Bee MaaTHHKH pa6o- 
TaioT ot B 03 ACHCTBHa n,eHTpo6e>KHbix chji h pacxoA#- 
iahxch rpy 30 B h Bee MaaTHHKH HMeioT oneHb Majioe 
conpoTHBaeHHe TpeHHio b hx OTAejibHbix napax. IIoc- 
jieAHee o6cToa r rejiBCTBO ofiycjioBJiHBaeT hx cpaBHHTejib- 
HO BblCOKyiO HyBCTBHTeJIbHOCTb K H 3 MCHeHHI 0 CKOpOCTH 
BpameHHH rHApoarperaTa. 

PacnpeAejiHiejibHbiH 3 ojiothhk 
coctoht H3 KOpnyca, HMeiomero (JjopMy AHJiHHApa, h 


7-2- SPEED GOVERNING SYSTEM 
SC HE MAI 1C DIAGRAMS 

A. SCHEMATIC DIAGRAM 
OP OIL - P EE S SUH E 

TANK SPEED GOVERNOR WITH PI-SWITCH 

The single-action speed governor of the oil-pressure 
tank type incorporating a proportional plus integral 
action switch (PI switch) acts only on one regulating 
member which regulates the amount of water to be 
passed through the turbine (Fig. 210) by changing the 
wicket gate opening. 

The governors of this type are installed on hydro- 
power units with radial-axial and propeller hydraulic 
turbines and consist of the following main parts: 
flyball 5, distributing slide valve 2, wicket gate servo¬ 
motor 3 , oil-pressure plant 7, Pi-switch 4 . 

Given below is the action of each of these parts 
under conditions of load change, i.e. in the process 
of speed control. 

The flyball is a sensitive element rotating 
synchronously with the hydropower unit. It responds 
to variations in the rotation speed of the unit at load 
change and makes the running torque on the shaft 
follow the drag torque. 

When the speed of the unit changes, the flyball 
acts through the linkage on the distributing slide valve 
displacing it to either side, thus admitting oil supplied 
under pressure from the oil-pressure tank to the res¬ 
pective space of the servomotor cylinder. The flyball 
actuated through a belt drive, gears, or an electric 
shaft from the power unit. On modern generating 
units operating in power grids an electric shaft is 
usually preferred. In this system the flyball electric 
motor is fed with current from a separate a.c. generator. 
The rotor of this generator is usually fitted on the main 
generator rotor shaft and is equipped with permanent 
magnet poles. This special generator is called regulator 
generator and is in some cases driven by a gear or 
other drive from the hydropower unit shaft. 

We shall not consider all possible types of flyballs 
and restrict ourselves to two comments relating to 
the designs of flyballs: all flyballs are actuated by 
centrifugal forces and flyweights moving outward and 
all flyballs feature insignificant friction resistance in 
friction pairs. The latter circumstances assures their 
comparatively high sensitivity to the power unit speed 
change. 

The distributing slide valve con¬ 
sists of a cylinder-shaped casing and a valve body 
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TeJia 3oJioTHHKa, pacnojio>KeHHoro BHyrp h Kopnyca. 
Tejio 30Ji0THHKa npeACTaBJineT co6oh hitok, Ha kotopom 
3aKpeiuieHO ABa AHCi<a. B nonocTb Me>KAy AHCKaMH H3 
KOTJia MacjiOHanopHOH ycraHOBKH hoaboahtch Macjio 
noA AaBJieHHeM 20 ktc/cm 2 . 

nocjie B03A0HCTBHH MaHTHHKa Ha 30JI0THHK MaCJIO 
H3 3TOH nOJIOCTH Hepe3 BepXHHe HJIH HHJKHHe OKHa 
AHJiHHApa nocTynaeT b OAny H3 nojiocTeii cepBOMOTOpa 
HanpaBJimomero annapaTa; npn stom Apyraa nojiocTb 
COeAHHHeTCH co cjihbom. B 3TO BpeMH HanpaBJiHio- 
iahh annapaT rHApoTypSnHbi HannHaeT oTKpbiBaTtcn 
HJIH 3aKpbIBaTbCH B 3aBHCHMOCTH OT TOTO, HTO npOH- 
3oniJio Ha arperaTe (Hadpoc hjih cfipoc Harpy3KH, hjih 
TOHH ee, yBejinneHne hjih yMeHbineHHe ckopocth Bpa- 
ineHHH). Bch KHHeMaTHKa CHCTeMbi peryjiHpoBaHHH 
ycrpoeHa Tan, hto npn ycraHOBHBmeMCH pencHMe padoTbi 
rHApoarperaTa, T.e. KorAa ero odopoTbi cxaOHJibHbi h 
paBHbi HOMHHajibHbiM, ahckh 30Ji0THHKa pacnojiaraioTCH 
b cpeAHeM nojionceHHH, BepxHee h HH>KHee OKHa 3anpbi- 
Tbi h Macjio b cepBOMOTop HanpaBJiHioinero annapaTa 
He nocTynaeT, BCJieACTBHe nero nopmeHb ero naxoAHTcn 
b ypaBHOBemeHHOM coctohhhh. CTporo roBOpn, Tanoro 
paBHOBecHH b nponecce paOoTbi npaKTHnecKH He 6bi- 
BaeT, Tan nan BcerAa nponcxoAHT KaKHe-unbyAb H3Me- 
HeHHH. 

CooTHomeHHe BbicoT ahckob h okoh b Kopnyce 
30Ji0THHKa onpeAejineT BejiHHHHy nepenpriTHH 30 JIOT- 
HHKa, npnneM nepeKpbiTHe MO>i<eT fibiTb nan nojionai- 
TeJIbHblM, TaK H OTpHAaTeJIbHbIM. 

IIojio>KHTejibHbiM nepenpbiTHeM CHHTaeTCH Tanoe, 
KorAa BbicoTa Ancna 6oJibine bbicotbi OKHa b Kopnyce. 
IIpH oTpHAaTejibHOM nepenpbiTHH cymecTByeT oOparaoe 
HepaBeHCTBo. Bojibinne (nojio>KHTejibi-ibie) nepenpbiTHH 
yMeHbmaiOT nyBCTBHTejibHOCTb peryjiHTopa, a Majibie 


which is a rod with two disks fitted on it. Oil from 
the oil-pressure plant is supplied at a pressure of 
20 kgf/cm 2 into the space between the disks. 

After the distributing slide valve is actuated by 
the flyball, oil is admitted from this space through 
the upper and lower ports to one of the wicket gate 
servomotor spaces, while the other space is connected 
to the sump tank. The wicket gates start opening or 
closing depending on the situation (load-on or. load- 
off, or rather, increase or decrease in speed). The 
kinematic chain of the governing system is designed 
so that under the steady-state operating condition of 
the unit, i.e. when its speed is stable and equals the 
rated value, the valve disks occupy the middle position, 
the upper and lower ports are closed and oil is not 
admitted to the servomotor, hence, its piston is balan¬ 
ced. Strictly speaking, such a balance is not attained 
during operation, because there are always changes 
taking place. 

The relation of the height of disks and ports in the 
valve casing determines the degree of overlapping in 
the distributing valve; this overlapping may be either 
positive or negative. 

The overlap is considered as positive when the height 
of the disk is greater than that of the ports in the 
casing; if the port height is greater than that of the 
disc the overlap is considered as negative. Great (posi¬ 
tive) overlaps reduce the governor sensitivity, while 


355 

























































Phc. 210. npjjHqHimaJibHaH cxeMa 
peryjiHTopa KOTejibHoro THna c H3o- 
ApOMHblM MexaHH3MOM 



Fig. 210. Schematic diagram of ac¬ 
cumulator-type speed governor with 
PI controller 


yBejiH^HBaiOT yTeHKy Macjia h npHBo^HT k uacTbiM 
BKJiioMeHHHM Hacoca MacjioHanopHOH ycraHOBKH no a 
Harpy 3Ky. 

CepsoMOTop HanpaBJiHiomeroan- 
n a p a t a npe^eraBjraeT co6oh ahjihhap, c odenx 
CTOpOH 3aKpbITbIH KpblHIKaMH. BHyTpH IJHJIHHApa pa3- 
MenteH nopmeHt, cHa6>KeHHBm nyryHHbiMH pa3pe3HbiMH 
ynjIOTHHTeJILHblMH KOJIBIjaMH HJIH KOHCaHblMH MUHJKe- 
TaMH. IlopmeHb coeAHHen co hitokom, KOTopbiH npo- 
xoaht nepe3 OTBepcrae b KpbiiHKe ipuiKHApa, HMeiomee 
cooTBeTCTByioinee yiuioTHeHHe. flpyron kohcd; niTOKa 
coeAHHeH mapHHpHO c npoyuiHHOH peryjinpyiomero 
KOJibita HanpaBJiHiomero annapaTa rHApoTypdHHbi. IIo- 
BopoT jionaTOK HanpaBJiHiomero annapaTa b cTopoHy 
3aKpbITHH HJIH OTKpbITHH npOH3BOAHTCH C nOMOIABIO 
pbinaroB, coeAHHeHHbix c peryjinpyioiimMH kojibijom 
uepes ceptra. HeoSxoAHMbie jxjix noBopoTa jionaTOK 
ycHJiHH 3aBHCHT ot Hanopa Ha T3C, KOHCTpyiojHH 
cnnpajiBHOH naMepbi h HanpaBJiHiomero annapaTa, ot 
KHHOMaTHKH pbinaxoibix MexaHH3MOB, nocpe ACTBOM 
KOTOpbIX npOH3BOAHTCH noBopoT jionaTOK, a T3K>Ke 
ot BejiHHHHbi oTKpbiTHH HanpaBJiHiomero annapaTa, 
npH KOTOpOH npOH3BOAHTCH noBopoT JionaTOK. KpOMe 
Toro, yCHJIHH 3aBHCHT TaK>Ke OT KaneCTBa H3rOTOBJieHHH 
h MOHTa)Ka y3JioB HanpaBJiHiomero annapaTa. 

OSbiHHo cepBOMOTop HanpaBJiHiomero annapaTa 
ycTaHaBjiHBaiOT b maxTe rHApOTypdHHbi h 3ai<penjmiOT 
b SeTOHe hjih Ha KpbiiHKe rHApoTypSnHbi. B nocjieA- 
HeM cjiynae ero A^JiaiOT jih6o npHMOO chbim , jih6o kojib- 
IjeBblM (TOpOBbIM). C TOHKH 3peHHH KOAUIOHOBKH H 
MOHTa>Ka rHApoarperaTOB nanSojiee yAobeH cepBOMOTop, 
pacnojiOHceHHbiH Ha KpbiiHKe rnApOTypdHHbi. Ha npyn- 
hbix raApoarperaTax aojhkho Sbitb, kbk npaBHjio, no 
ABa ceBOMOTOpa. 


small overlaps cause an increase in oil leakage with 
the result that the pump of the oil pressure plant is 
switched on more frequently. 

The wicket gate servomotor is a 
cylinder closed with end plates on both sides. A piston 
moving inside the cylinder is provided with cast iron 
split seal rings or leather cups. The piston is connected 
with a reach rod passing through the hole in the cylinder 
that is provided with a seal. The other end of the reach 
rod is pivoted on the pinhole of the shifting ring of 
the wicket gate. The wicket gate vanes are opened or 
closed by means of levers connected by links with the 
shifting ring. Forces required to rotate the wicket 
gate vanes depend on the head at the power plant, 
on the design of the scroll case and of the wicket gate, 
on the kinematics of the lever mechanisms which 
move the vanes and also on the opening of the wicket 
gate at which the vanes are operated. Besides, the 
forces depend on the workmanship of manufacturing 
and assembly of the wicket gates. 

Usually, the wicket gate servomotor is installed 
in the turbine put and secured to the concrete or it 
is mounted on the turbine headcover. In the latter 
case it is either of straight or axial (toroidal) construc¬ 
tion. From the view-point of arrangement and installa¬ 
tion of the generating units the servomotor mounted 
on the headcover is most convenient. On large gene¬ 
rating units two servomotors are installed as a rule. 


MacJioHanopHaa ycTaHOBKa ( MHY) 
npeAHa3Hauena ajih nHTaHHH MacjioM CHCTeMbi peryjiH- 
poBaHHH ckopocth BpamcHHH rHApoarperaTa, chctcmbi 
ynpaBJieHHH ahckobbimh, uiapoBbiMH hjih ApyrHMH 
3 aTBopaMH, a Taione peryjiHTopaMH AaBJieHHH (xojio- 
cTbiMH BbinycKaMH), CHCTeMbi TopMOJKeHHH rHApoarpe- 
raTa h AP- Macjio oSbihho noAaeTCH noA AaBJieHHeM 
20—30 ktc/cm 2 . Eojiee noApoOHo ycrpoHCTBo otacjib- 
Hbix y3JiOB MHY onncaHO b § 7-3. 

OnncaHHio BBiKjiioqaTejiH c H30APOM- 
hmm MexaHH3MOM npeAnouuieM hcckojibko 
3aMeuaHHH. PaccMaTpHBan a^hctehc pacnpeAejiHTejib- 
Horo 30JiOTHHKa, Mbi y>Ke yKa3biBajiH, uto npn ycraHO- 
BHBineMCH pe>KHMe paOoTbi rHApoarperaTa, T.e. npn 
HeH3MeHH0H Harpy3Ke, a cjieAOBaTejiBHo, h npn HeH3- 
MeHHOH CKOpOCTH BpaiACHHH, 30JI0THHK HaXOAHTCH B 

cpeAHeM nojioaceHHH h AOCTyn Macjia k nopniHio cepBO- 
MOTopa HanpaBJiHiomero annapaTa npenpameH. OAHano, 
nan OTMenajiocB, Tanoro pe>KHMa y peryjiHpyioiimx 
Harpy3Ky rHApoarperaTOB npaKranecKH He ObiBaeT, 
jih6o oh cymecTByeT oneHB KpaTKOBpeMeHHo. Pokhm 
paOoTbi rHApoarperaTOB, peryjinpyiomHX Harpy3Ky, 
noABepraeTCH HenpepbiBHOMy H3MeHeHHio. 

IIpeACTaBHM cede, hto Ha arperaTe, paOoTaiomoM 
H30JIHp0BaHH0 OT CeTH, np0H30UieJI c6pOC HeKOTOpOH 
Aojih Harpy3KH. Kan ynce 6biJio ycTaHOBJieHO, thapo- 
arperaT nocjie 3Toro c6poca Harpy3KH npOHBHT tchach- 
AHIO K nOBblineHHIO CKOpOCTH Bpam^HHH, BCJieACTBHe 
Hero nOBbICHTCH CKOpOCTB BpamOHHH MaHTHHKa. Tpy3bl 
MaHTHHKa pa 30 HAyTCH B CTOpOHbl Ha AOnOJIHHTeJIBHyiO 
BeJIHHHHy, H M3HTHHK Uepe3 pbIua>KHyiO CHCTeMy 
(pnc. 210) nepeMecTHT 30Jiothhk 2 bhh3 h oTKpoeT 
AOCTyn Macjia b npasyio nojiocTB cepBOMOTopa Ha¬ 
npaBJiHiomero annapaTa. IIopmeHB cepBOMOTopa noA 
B03AeiiCTBHeM AaBJieHHH Macjia nepeMecTHTCH b cto- 
poHy 3aKpbiTHH, B03AencTByH nepe3 ihtok Ha peryjin- 
pyiomee kojibao HanpaBJiHiomero annapaTa. IIocjieA- 
Hee noBepHeTCH h nepe3 pbinanaiyio cncreMy noBep- 
HeT Ha HenoTopbiii yroji jionaTKH HanpaBJiHiomero 
annapaTa b CTopoHy hx 3aKpbiTHH, hto yMeHBniHT ao- 
CTyn boabi k paOoneMy KOJiecy rHApoTypOHHbi. 

JiBHHCeHHe cepBOMOTopa B CTopoHy 3aKpbITHH SyAeT 
npoHcxoAHT ao T ex nop, nona pacnpeAejiHTejiBHbin 
30jiothhk 2 He 3aiiMeT CBoero cpeAHero nojio>KeHHH h 
He npenpaTHT AOCTyn Macjia b nojiocTB ahjihhapu 
cepBOMOTpa. Ho Tan nan bch cncTeMa oOjiaAaeT naKOH- 
TO HHepAHeH, TO npOH30HAeT HeKOTOpoe H3JIHUIHee 
nepeMemeHHe nopumn cepBOMOTopa, Ha3biBaeMoe 
nepeperyjinpoBaHHeM. J^jih npeAOTBpa- 
meHHH H3JimuHero nepeMemeHHH nopniHH cepBOMOTopa 
HanpaBJiHiomero annapaTa h CBoeBpeMemioro B03Bpa- 
meHHH pacnpeAejiHTejiBHoro 30Ji0THHKa b cpeAHee no- 
jio>KeHHe, hjih hhbimh cjioBaMH, Rim HeAonymeHHH 
HBJieHHH nepeperyjiHpOBaHHH n oOecneneimn ycTOHHH- 
bocth peryjiHpoBaHHH, ABH>KeHHe nopniHH cepBOMO- 


The oil pressure plant supplies oil to 
the governing system, to the control system of the 
butterfly, spherical and other gate valves, to pressure 
regulators (waste water outlet), to the braking system 
of the generating unit, etc. Oil is usually supplied at 
a pressure of 20 to 30 kgf/cm 2 . A more detailed de¬ 
scription of separate elements of the oil-pressure plant 
is given in Section 7-3. 

The Pi-switch depends for its operation 
on a principle that can be best understood from the 
following discussion. When we considered the action 
of the distribution slide valve, we pointed out that 
under the steady-state condition of the hydropower 
unit, i.e. at a constant load and, hence, at a constant 
speed, the distribution slide valve is in the middle 
position and oil is not supplied to the wicket gate 
servomotor piston. It was stated, however, that such 
an operating condition does not practically occur on 
hydropower units regulating the load, and if it does, 
it lasts for a very short period of time. The operating 
conditions of the generating units regulating the load 
are constantly changing. 

Let us assume that some load has been thrown 
off on the generating unit isolated from the grid. As 
has been already noted after the load has been thrown 
off, the generating unit tends to run faster causing 
an increase in the flyball rotation speed. The flyball 
weights will move apart through an extra length and 
the flyball through the levers and links (Fig. 210) 
wiil make distributing slide valve 2 move downward 
and admit oil into the right-hand wicket gate servo¬ 
motor cylinder space. The piston under the effect 
of oil pressure will move it in the closing direction 
acting through the reach rod on the wicket gate shift¬ 
ing ring. The latter will move and through the lever 
system will make the wicket gates move through a 
certain angle for closing them by descreasing the 
amount of water admitted to the turbine runner. 

The servomotor will continue to close the wicket 
gate until distributing slide valve 2 occupies its middle 
position and interrupts the oil supply to the servomotor 
cylinder space. Due to some inertia of the whole system 
an overtravel of servomotor piston will take place, 
which is called a transient overshoot. To 
prevent overtravel of the piston and to bring the distri¬ 
buting slide valve timely to the middle position, or, 
in other words, to prevent transient overshoot and to 
ensure the governing stability, the displacement of the 
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Topa KHHemaTH^ecKH cbh 3 BiBaeTCH c abkhcchhcm pac- 

npeAejiHTejiBHoro 30Ji0THHKa. 

3Ta KHHeMaTiBiecKatf cbh3B hocht Ha3BaHne bbi- 
KJiioqaTejiH, hjih odpaTHOH c b h 3 h . 
Odparaan cbh 3 l (pnc. 210) mo>kct Sbitb abohkoh : 
IIiapHHpHO >KeCTKOH HJIH C H30AP0MHbIM MexaHH3MOM. 
IIIapHHpHO HcecTKaa odpaTHan CBH3b npHMeiiHeTCH 
TOJibKo y peryjiHTopoB ahh rHApoarperaTOB mcjikhx 
T3C, HMeioiAHx MajiooTBeTCTBeHHbix noTpeSHTejieH, He 
Tpe6yiom,Hx cTpororo coGjhoachhh iioctohhhoh nac- 
TOTbi. Tanne peryjiHTopbi ofijiaAaiOT cymecTBeHHbiM 
HeAocTaTKOMj 3ai<JiiOHaioiHHMCH b tom, hto npH yBe- 
jiHHeHHH Harpy3KH ot nyjitt ao MancHMyMa ohh nocjie 
peryjiHp obkh CHH>KaiOT cnopocTb ao 10%. He pac- 
cMaTpHBan OTAejibiio AeHCTBHH peryjiHTopa c >kcctkhm 
BbiKJnonaTejieM, Mbi jierKO CMO>KeM npocjieAHTb 3 a ero 
paSoTOH h y3HaTb ero HeAOCTaTKH, H3ynHB npoijecc 
peryjinpoBaHHH no h3oapomhoh cxeMe. Jfjin 3Toro 
AOCTaTOHHo npeACTaBHTt cede, hto nopmeHb MacjiHHoro 
KaTapaKTa npHBapeH k ijHJiHHApy. 

H30AP0MHbie MexaHH3MbI oSpaTHOH CBH3H 6bIBaiOT c 
4>pHKAHOHHbIMH nepeASHaMH H C npy>KHHHO-MacJIHHbIMH 
KaTapaKTaMH. Tan nan nocjieAHHe b crpenaiOTCH name, 
TO Mbi OrpaHHHHMCH HX paCCMOTpeHHeM. 

IIpy>KHHHO“MaCJIHHbIH KUTapaKT COCTOHT H3 Hanon- 
HeHHoro MacnoM AHJiHHApa, BHyTpn KOToporo noMe- 
meHbi nopuieHb h npyx<mibi ? nepeMematomne stot 
nopmeHb b Ty hjih Apyryio cTopoHy othochtcjibho 
AHjiHHApa. B npoAecce peryjinpoBaHHH ahjihhap h 
nopuieHb coBepmaioT B03BpaTHO-nocTynaTejibHbie a6- 
COJIIOTHbie H OTHOCHTeJIbHbie no OTHOHieHHK) Apyr k 
Apyry abhjkchhh. 3th abhjkchhh chctcmoh nepeAan 
KHHeMaTHHeCKH CBH3aHbI C ABHHCeHHeM nopiHHH CepBO- 
MOTopa HanpaBjiHiomero annapaTa. 

B nopniHe KaTapaKTa hmciotch HeSojibimie Apoc- 
cejiHpyiomHe OTBepcTHH, uepe3 KOTOpbie Macjio mo>kct 
MeAAeHHo nepeTeKaTb H3 oahoh nojiocTH ijHJiHHApa b 
Apyryio. 3to nponcxoAHT, KorAa nopuieHb KaTapaKTa b 
npoujecce peryjinpoBaHHH OTKJioHHeTcn ot CBoero cpeA- 
Hero nojio>KeHHH. Tanoe oxKJioHeHHe npoHBjineTCH bo 
BpeMH H3MeHeHHH Harpy3KH npH ABHH<eHHH CepBOMO- 
TOpa Ha 3aKpbITHe HJIH OTKpbITHe. 

PaccMaTpHM npou,ecc peryjinpoBaHHH no H30Ap0M- 
hoh cxeMe, T.e. B3aHM0AencTBHe OTAeJibHbix 3BeHbeB 
npn c6poce c rHApoarperaTa Harpy3KH. Kan y>Ke Sbijio 
BbiHCHeHO, npn cdpoce c rHApoarperaTa Harpy3KH cep- 
bomotop HanpaBJimomero annapaTa HanmiaeT aobojibho 
ObiCTpo nepeMemaTbca b CTopoHy 3 aKpbmiH. npH stom 
iutok ero nopniHH nepe3 pbiuannibin MexaHH3M nepe- 
MeiqaeT BBepx ahjihhap? a cjieAOBaTejibHO, h uitok 
nopniHH KaTapaKTa (pnc. 210). 3to nponcxoAHT noTOMy, 
HTO 3aJIHTOe B AHJIHHAP MaCJIO npaKTHHCCKH HeCHCH- 
MaeMo, a HMeioinnecH b nopniHe ApocceJinpytoiime ot- 
BepcTHH He MoryT mthobchho nopnycTHTb nepe3 ce6n 
Tanoe KOJinnecTBO Macjia, KOTopoe hcoOxoahmo, hto6bi 
nepeMecTHTb nopuieHb (ecjiH 6bi oh ocTaBajicn HenoA- 
bh>i<hbim) h3 HHJKHen nacTH ipuiHHApa b BepxHioio. 


servomotor piston is kinematically tied with the move¬ 
ment of the distributing slide valve. 

Such a kinematic tie is called a switch or 
monitoring feedback. The monitoring feed¬ 
back (Fig. 210) can be of two types: direct joint feed¬ 
back or with a proportional and integral action mecha¬ 
nism. The direct joint feedback is used only for gover¬ 
nors of generating units of small hydroelectric power 
plants supplying unimportant consumers where keeping 
a constant frequency is not so strictly required, A disad¬ 
vantage of such governors is that after governing at a 
load variation from no load to maximum they decrease 
the speed to 10 per cent. To understand the action of 
the governor with the direct joint feedback and to 
find out its shortcomings is easy while studying the 
process of speed control with the help of a proportional 
and integral action controller (PI controller). To this 
end, assume that the piston of the oil-filled dashpot 
is welded to the cylinder. 

The feedback PI controllers are made with friction 
drives and spring-loaded oil-filled dashpots. Since the 
latter are more widely employed, the below discussion 
will concern these devices only. 

The spring-loaded oil-filled dashpot consists of an 
oil-filled cylinder accommodating a piston and springs 
displacing the piston in one or the other direction 
relative to the cylinder. In the process of governing 
the cylinder and the piston make reciprocating motions 
that are absolute and relative to each other. These 
piston motions are kinematically connected through 
the linkage system with wicket gate servomotor piston 
travel. 

The dashpot piston is provided with small thrott¬ 
ling orifices through which oil is free to slowly move 
from one space of the cylinder to another. This takes 
place in the course of governing when the dashpot 
piston displaces from its middle position. This displace¬ 
ment of the piston, in its turn, takes place at a load 
change when the servomotor piston moves to close 
or to open. 

Let us see the process of the proportional plus 
floating control (the PI control) system, i.e. the inter¬ 
action of separate elements while the unit load is 
thrown off. As is already known, upon load discon¬ 
nection from the unit, the wicket gate servomotor 
starts to close rather quickly. The piston reach rod 
of the servomotor through the leverage moves upward 
the cylinder and, consequently, the piston rod of the 
dashpot (Fig. 210). This action takes place because 
oil filled in the cylinder is practically incompressible 
and the throttling orifices in the piston are unable to 
pass the quantity of oil sufficient to displace the piston 
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CjieAyeT oTMeTHTb, hto y nopniHH KaTapaKTa bcjih- 
HHHa nepeMeiAeiiHH Mem>uie, ueM y ipuiHHApa, TaK KaK 
3 a 3to BpeMH nacTb Macjia Bee nee nepeTeKaeT b Bepx- 
hiok) noJiocTb AHJiHHApa uepes ApoccejibHbie OTBepcran 
nopiHHH. 

npn nepeMemeHHH BBepx nopmeHb uepe3 pBinanc- 
hbih MexaHH3M B03BpaujaeT pacnpeAejiHTejibHbiH 30 jiot- 
hhk b cpeAHee nojiOHcemie (npoijecc bbikjhohchhh) ; 
npn stom HaxoAHiitaHCH Ha niTOKe nopniHH npy>KHHa 
KaTapaKTa HecnojibKo cHomaeTCH. IIpH aocth>kchhh 
CBoero cpeAHero nojio>KeHHH 30Jiothhk 3aKpbiBaeT ao- 
cryn Macjia b nojiocTb cepBOMOTopa, AenerByiomero na 
3aKpbiTHe HanpaBjiHiomero annapaTa, h nopmeHb cep- 
BOMOTOpa OCTaHaBJIHBaeTCH. B 3T0T MOMeHM CKOpOCTb 
BpameHHH rHApoarperaxa h muhthkhu HecKOJibKo yBe- 
jinneHa. 

3aTeM, noA BosAencTBneM oKaxon npynoiHBi, nop¬ 
meHb KaTapaKTa HanmiaeT MeAJieHHo nepeMeujaTbCH bhh3 
h nocpeACTBOM pbinaroe npnoTKpbiBaeT OKHa pacnpe- 
AejnrrejibHoro 30Ji0THHKa, uepe3 KOTOpbie Macno noAa- 
Banocb b noAOCTb cepBOMOTopa Ha 3aKpBiTHe. 3 to 
npHBOAHT K AOnOAHHTeAbHOMy 3aKpBITHIO HanpaBJIH- 
iornero annapaTa h noHH>KeHHK> ckopocth BpauteHHH 
rHApoarperaxa h MaHTHHKa. npoitecc peryjinpoBaHHH 
3aKaHHHBaeTCH TorAa, KorAa nopmeHb KaTapaKTa h 
pacnpeAejiHTejibHbiH 30 Jiothhk BosBpaniaioxcH b cpeA- 
Hne noJio>KeHHH othoCHT eAbHo cbohx rpaHHA nepeMe- 
meiiHH. 3 to HacTynaeT, KorAa CKopocTb BpaiueHHH 
yCTaHaBJIHBaeTCH HOpMaJIbHOH, XOTH OTKpBITHe Ha- 
npaBJiHiomero annapaTa h moiahoctb rHApoarperaTa 
y>Ke HMeiOT Apyrne bcahuhubi. 

Ttpoitecc peryjinpoBaHHH npn na6poce Harpy3KH Ha 
rHApoarperaT nponcxoAHT anajiornnHO, tojibko 3BeHbH 
peryjiHTopa AOHCTByiox b odpaTHOM nopnAKe; npn stom 
npynoma KaTapaKTa B03BpamaeTCH H3 pacTHHyToro 
nonoHceHHH b CBoe nepBOHanajibHoe coctohhhc. 

BnojiHe noHHTHo, hto npoitecc peryjinpoBaHHH He 
nponcxoAHT TaK pacnjieneHHO, KaK sto npeACTaBJieHo 
naMH b nejiHX jiynmero yHCHeimn Bonpoca. B achctbh- 
TejibHocTH npoAecc peryjinpoBaHHH Sojiee cJio>KeH, 
TaK KaK ABHJKeHHe OTAeAbHBIX 3BeHbeB H 3JieMeHT0B 
nponcxoAHT oAHOBpeMeHHO, OKa3BiBan Apyr Ha Apyra 
B3aHMHOe BJIHHHHe. 


b. npiuopniiAJiLHAn cxema 

PEryjIfITOFA C MEXAHH3MAMK 
mPABJIEIIHfl 

PaccMOTpeHiian Bbirne npHHAHnHajibHan cxeMa co- 
Aepncajia TOJibKo sjieMeHTbi peryjinpoBaHHH ckopocth 
B paiqeHHH rHApoarperaTa. B AencTBirrejibHOCTH >i<e 
coBpeMeHHbie peryjiHTopbi HMeiOT b CBoeM cocTase 
AonojiHHTejibHbie ajieMeHTbi, Hocnmne na3BaHne Mexa- 
hh3mob ynpaBJieHHH peryjiHTOpOM. K hhm othochtch: 
MexaHH3M ocTaiomencH HepaBHOMepHocTH, MexaHH3M 
H3MeHeHHH cKopocra BpaiqeHHH H MexaHH3M OrpaHH- 
ne hhh OTKpBiTHH HanpaBJiHioiAero annapaTa rHApo- 
TypdnHbi (pnc. 211). 


(if it remained motionless) from the bottom of the 
cylinder to its top. 

It should be noted that the length of travel of the 
dashpot piston is less than that of the cylinder because 
during this period some amount of oil moves still 
into the upper part of the cylinder through the piston 
throttling orifices. 

When moving upwards the piston returns the 
distributing slide valve through the leverage to its 
middle position (tripping process); the dashpot spring 
provided on the piston rod is compressed to a certain 
degree. As the distributing slide valve is brought to 
its middle position, it does not admit oil to the space 
in the cylinder of the servomotor acting on closing the 
wicket gates, and the servomotor piston stops moving. 
At this moment the rotation speed of the generating 
unit and of the flyball somewhat rises. 

Then under the action of the compressed spring 
the dashpot piston starts moving slowly down and 
through the leverage starts to open the ports of the 
distributing slide valve through which oil was admitted 
to the servomotor cylinder space for closing. The 
result is an additional closure of the wicket gate and 
a decrease in the speed of the generating unit and the 
flyball. The governing process is completed when the 
dashpot piston and the distributing valve return back 
to their middle positions relative to their travel limits. 
This comes when the rotation speed is normal though 
the opening of the wicket gate and the generating 
unit capacity attains some other values. 

The governing process when the unit load is thrown 
on takes place in the same way, the only difference 
being that the governor elements function in the reverse 
order and the dashpot spring, after being stretched, 
returns to its initial position. 

It is quite clear that the governing procedure is 
not broken down in stages as it was described above 
for the sake of better understanding. The governing 
process is actually more intricate since separate links 
and elements move simultaneously acting on each other. 

K. SCHEMATIC DIAGRAM OF A SPEED 
GOVERNOR WITH 
CONTROL MECHANISMS 

The schematic diagram considered above covered 
only the speed governing system elements. The pre¬ 
sent-day governors incorporate additional elements 
called governor control mechanisms, i.e. offset me¬ 
chanism, speed change mechanism and wicket gate 
opening limiter (Fig. 211). 

From the discussion of the diagram of the oil- 
pressure tank speed governor with a Pi-switch it was 


359 









































cepBOMOTopa, a 3Hamrr, h jionaTOK HanpaBJiHiomero 
annapaTa. 

Pbraar MexammMa ede (pnc. 211) orpamraHHaer cbohm 

KOHU.OM e ,n,BH>KeHne pacnpeAeJiHTejit-Horo sonoTHHKa 

Ha oTKpbiTHe. flpyroft KOHei^ 3TOTO ptraara coeflHneH 
C BHHTOM E, IHTypBaJI KOTOporO ofibIHHO BbIHOCHTCH 
Ha KOJioHKy ynpaBJieHHH. Xoa cepBOMOTopa HanpaBJiH¬ 
iomero annapaTa Ha :no6i>ix Be:ra T nmax otkpbithh orpa- 
HHnHBaercH noBopoTOM BHHTa orpaiiHUHTejoi. Korfla 
rnApoarperaT ctoht h m3Hthhk He ACHCTnyex, c noMo- 
mbio MexaHH3Ma orpaunneHHH otkpbithh mo>kho noji- 
hoctbio oTKpbiTb h saKpbiTb tianpaBJiHiomHH annapaT. 

C nycKOM niApoarperaxa h A°cth>i< e1iiie.M HopiwajiB- 
hbix o6opotob BCTynaeT b peiiensue cxeMa aBTOMaTH- 
necKoro peryjinpoBaHHH, ManranK cbohm ihth4)tom 
nepeMemaeT 3 ojiothhkobbih pbinar, h orpainniiTeni) b 
T onne c nepecTaeT noAmipaTh 30 Jiothhk. IlocJie 3Toro 
c noMomiiio orpamriHTCjiH oTKpbiTHH yme He npepcxa- 
BJIHeTCH B03M0JKHBIM yBejIHHHTb OTKpbiTHe HanpaBJIHIO- 
mero annapaTa niApoTypoiiHKi, a mojkho jihuib yMeHB- 
iuhtb ero OTKpbiTHe, jihGo cobccm 3aKpwTB ero. 

Ha pa6oTaiomeM non Harpy3Koii rHApoarperaxe 
orpaHHHHTeneM mo>kho noAnepeTB 30 jiothhk h orpaHH- 
HHTB TeM CaMbIM BejlHHHHy Harpy3KH, JIh6o OTBeCTH 
ero OT tohkh c Ha neKOTopoe paccTOHHHe, co3AaB t3khm 
o6pa30M ycjioBHH A-B 03 MO>KHoro yBeJinneHHH Harpy3- 
KH Ha BeJIHHHHy, COOTBCTCTISyiOIHylO 3a30paM Me>KAy 
ynopaMH b Tonnax cue. 

JB. nPHHlIH.IIHA.JIL HAH CXEMA 
PEryjiHTOPA riOBOPOTHOJionAcinoxi 
rmp fn ypi;ffilM (fl(BOHHOE 
PEryjIHPOBAHHE) 

PeryjiHTopbi ckopocth BpamemiH rHApoarperaTOB c 
noBopoTHOJionacTHbiMH rHApoTypSnHaMH pa6oTaiOT no 
npHHAHiiy ABOHHoro a c bctbhh (pnc. 212). B nponecce 
peryjinpoBaHHH ohh oAHOBpeMeHHO c H3MeHeHHeM Be- 
jihhhhbi OTKpbiTHH jionaTOK HanpaBJiHiomero annapaTa 
H3MeHHioT - raK>i<e h yroji ycTaHOBKH jionacTeii pa6onero 
KOJieca rHAPoiy pB^'HJiji. 3 tot yroji AfxrKeii 6 bitb Ta- 
KHM, hto6bi npn saAaHHOH Bejininne otkpbithh Ha- 
upaisJiHiomero annapaTa h MMeiomeMCH Hanope ooecne- 
HHBaTB HaHGoJIBUIHH K.H.A- rHApOTypSHHBI B CnOKOH- 
HOH pe>KHi\ie paSoTbi c HaHMeHBineH KaBHTaimeH. 

TaKHM oSpasoM, b stoh cxeMe cymecTByeT onpe- 
AenemiaH cbh3b Me>KAy bchhhhhoh otkpbithh JionaTOK 
HanpaBJiHiomero annapaTa h aiianeiineM yrna pa3BO- 
poTa noiiacrcii paSonero KOJieca I'HApoTypoiiiibi. Ka>K- 
AOMy nojionceHHio jionaTOK HanpaBJiHiomero annapaTa 
npn a^hhom Hanope cooTBeTCTByeT BnojiHe onpeAejieH- 
Hoe nojio>KeHHe JionacTeii paSonero KOJieca rHApoTyp- 
6 hhw. CoxpaHeHne t3koh onpeAeJieHHoii aaBHCHMOCTH 
oSeenenHBaeTCH nocpeACTBOM khiicm axil h ec i<oh pbi'ia>K- 
hoh cHCTeMBi, HocnmeH Ha3BaHiie k o m ohh a t o p - 

H0HCBH3H. 

3aBHCHM0CTB pa3BopoTa jionacTeii ot iscnmiHiibi 
OTKpbiTHH HanpaBJiHiomero annapaTa He npHMOJiHHeHHa, 
a onpeAejineTCH A-iji KaiKAoro Anana30Ha HanopoB 


The lever zde (Fig. 211) limits by its end e the 
motion of the distributing slide value for opening. 
The other end of this lever is connected with the screw 
E whose handwheel is usually mounted on the control 
post. The travel of the wicket gate servomotor at any 
guide vane opening is limited by turning the limiter 
screw. With the hydropower unit at stand-still and 
the flyball inoperative, the wicket gate can be fully 
closed or opened with the help of the opening limiter. 

Upon starting the unit and gaining rated speed 
the automatic governing system starts functioning, the 
flyball displaces by its pin the distributing slide valve 
lever and the limiter discontinues supporting the slide 
valve at point c. From this time on, the increase of 
the turbine wicket gate opening with the help of the 
opening limiter becomes impossible and the opening 
can be only decreased or the wicket gate can be closed 
completely. 

When the unit operates under load, the limiter 
can be used to lock the distributing slide valve and thus 
to limit the load or the slide valve can be displaced 
over some distance from point c. thereby making it 
possible to increase the load by the value corresponding 
to the clearances between the stops in points c and e. 

C. SCHEMATIC DIAGRAM OF THE SPEED 
GOVERNORS OF 

ADJUSTAB1E-BI.ADI HYDRAULIC 
TURBINES (DUAL CONTROL) 

Speed governors of adjustable-blade hydraulic tur¬ 
bines operate on the dual action principle (Fig. 212). 
In the process of control these governors change simul¬ 
taneously the opening of the guide vanes and the 
angle of the runner blade setting. This angle should 
be such as to provide for a maximum turbine efficiency 
under normal operating conditions with minimum 
cavitation at the pre-set value of the wicket gate open¬ 
ing and at the given head. 

Thus, a certain relationship between the amount 
of the wicket gate opening and the angle of the runner 
blade setting exists in this system. Every position of the 
hydraulic turbine runner blades corresponds to a 
definite position of the guide vanes at a given head. 
Maintaining such a relationship is provided with the 
help of a kinematic leverage referred to as combina¬ 
toric linkage. 

The relationship between the runner blade setting 
angle and the wicket gate opening is not a linear func¬ 
tion but is represented for each range of heads by a 
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Pnc. 212. npHHUHrtHajibHaji cxeMa peryjinxopa iiobopot- 
HO-jionacTHOH raftpOTypGHHM 

Fig. 212. Schematic diagram of speed governor of ad¬ 
justable-blade hydraulic turbine 


CBoeft KpuBOH, sa^aBaeMOH pacneTOM h KoppeKTupye- 
MOH npn HaxypHbIX HCIlblTaHHHX. 3xa 3aBHCHMOCXb 

ocyiqecTBJineTCH nepeMememieM pojiHKa pbinara kom- 
SuHaTopHoii cbh3h no KjiHHy (KyjiaHKy) U HMeiomeMy 
onpeaejieHHbiii npo(J)HJib. Pbinar pojniKa CBH3aH c 
pacnpeAejiHTejibHbiM 30 jioxhhkom paGonero KOJieca 2, 
b cmiy nero npn nepeMememm pojiHKa no KJiHHy 
(Kyjianny) 30 jiothhk ompbiBaeT oaho h 3 oTBepcran, 
nepe3 KOTopoe Macuo noAaeTCH b Ty hjih Apyryio 
nojiocTb AHJiHHApa cepBOMOTopa 3 pa6onero KOJieca. 
B pe 3 yjibTaTe 3 Toro jionacra paGonero KOJieca, KHHeMa- 
THnecKH CBH3aHHbie c nopniHeM ero cepBOMOTopa, no- 
b epTbiBaiOTCH BOKpyr Aan<J>bi Ha yroji, 3aAaHHbin kom- 
GnHaTOpHOH 3aBHCHMOCTbK). 

Kjihh (KyjianoK) b SoAtninHCTBe cJiynaeB A^Jiaiox 
npOCTpaHCTBeHHbIM, T.e. C MeHHK)IAHMCH npO(f)KJieM B 
nonepenHOM h npoAOJibHOM ceneHH hx 5 hto oSecnennBaeT 
CoGjlIOACHHe npaBHJIbHOH KOiVlGHHaTOpHOH 3aBHCHMOCTH 
npn jiioGom Hanope. 

B ocTaJibHOM npoAecc peryjinpoBaHHH npoxoAHT 
aHajiornnHO oAHHapHOMy peryjinpoBaHnio. 


r. PEryjfflPOBAHifH ckopocth 

BPAIIJEHKfl KOBIHORUX rHflPOTyPBHH 

KojinnecTBO boafi, noABOAHMoe b eAHHniiy Bpe- 
weHH k paGoneMy KOJiecy, peryjinpyeTCH b kobihobbix 
rnApoTypGnHax nrjion, KOTopan yMeHbinaeT hjih yBejiH- 
HHBaeT BbixoAHoe ceneHHe b HacaAKe. JIjih peryjinpo- 
BaHHH ckopocth BpaiAeHHH rHApoarperaTOB c kobiho- 
BblMH rHApOXypGHHaMH npHMeHHIOT HeCKOJIbKO pa3JIHH- 
Hbix KOHCTpyKAHH peryjiHTopoB KaK C OAHHM, TaK H c 
AByMH cepBOMOTopaMH. IIpHHAHn paGoTbi xanoro pery- 
JiHxopa c oahhm pacnpeAejiHTejibHbiM 30 jioxhhkom h 
oahhm cepBOMOxopoM (pnc. 213) cboahxch k cjieAyio- 
meMy. 


particular curve specified by the design and corrected 
during prototype tests. This relationship is afforded 
by the travel of the roller of the combinatoric linkage 
lever over wedge (cam) 1 of a certain profile. The 
roller lever is linked with runner distributing slide 
valve 2, therefore, as the roller runs over the wedge 
(cam), the slide valve opens one of the orifices admitting 
oil to one or another space of servomotor 3 cylinder. 
As a consequence, the runner blades kinematically 
linked with the runner servomotor piston turn through 
an angle governed by the combinatoric relationship. 

In the majority of cases the wedge (cam) is made 
three-dimensional, that is, its profile is variable in the 
cross-section and in the longitudinal section, which 
provides for maintaining a correct combinatoric rela¬ 
tionship at any head. 

In other respects the process of governing the speed 
is similar to a single control. 


D. SPEED GOVERNING IN IMPULSE (PELTON) 
HYDRAULIC turbines 

The amount of water supplied to the runner per 
time unit is controlled in impulse turbines with the 
help of a needle which decreases or increases the outlet 
section of the nozzle. Speed governors of various 
designs, with one or two servomotors, are used for 
the speed control of hydropower units with impulse 
turbines. Such a speed governor with one distributing 
valve and one servomotor (Fig. 213) depends for its 
operation on the following principle. 
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Pile. 213. npiitmiimiajibHaH cxeMa peryjiHTOpa 
kobuioboh rHApOTyp6nHbi: 

1 -MaHTHHK; 2 - 30JI0THHK J 3 - CepBOMOTOp J 4 -pbl- 

*iar; 5 — MacJiHHbiH KaTapaKT ; 6 — OTKJIOHHTeJIb ; 7— 

kobiii; 8 — HacaflKa; 9 — nrjia; 10 — nopmeHb 

Fig. 213. Schematic diagram of speed governor 
of impulse (Pelton) hydraulic turbines: 

1 — fly ball; 2 — distributing valve; 3 — servomotor; 

4 — lever ; 5 — oil-filled dashpot ; 6 — deflector; 7 — • bucket ; 
8 — nozzle; 9 — needle; 10 — piston 


IIpH eSpoeaX Harpy3KH MaHTHHK 1 B03AeHCTByeT 
Ha 3 ojiothhk 2 h cepBOMOTop J, KOToptiH nepe3 MaCJIH- 
HblH KaTapaKT 5 npHBOflHT B AeHCTBHe OTKJIOHHTeJIb 
(oTceKaTejit) 6 . flocjieAHHH, noBopaunBancb BOKpyr 
CBoeM och, Bpe3biBaercH b cTpyio boa£>i, nnymyio H3 
nacaAKH 8 k KOBinaM 7, h otkjiohhct ee TaK, hto crpyn 
b SoJibHien CBoen nacTH hjih nojmocTbio HannHaer cjih- 
BaTbCH b otboahiahh KaHaji, MHHyH paOonee KOJieCO 
THApoTypSHHbi. Pbinar 4 nepeMeuiaeTCH npH stom bhh3 
h ocBoSojKAaeT nrjiy 9, KOTopan noA achctbhcm jjjsl - 
BjieHHH boam Ha nopmeHb 10 nepeMeiqaeTCH bhh3 h, 
3aKpbiBan OTBepcrae b HacaAKe, yMeHbmaeT cKopocrb 
BpameHHH raApoarperaTa. 


At load shedding flyball 1 actuates distributing 
valve 2 and servomotor 3 . The latter actuates through 
oil-filled dashpot 5 stream deflector 6 . The stream 
deflector turns about its axis and cuts into the water 
jet running from nozzle 8 to buckets 7 and deflects the 
jet so that it falls completely or partially down into the 
tailrace by-passing the turbine runner. As this takes 
place, lever 4 goes down and releases needle 9, which 
travels downwards under the water pressure on piston 
10 and closes the nozzle outlet section thereby reducing 
the hydropower unit speed. 


864 


CKopocTb riepeMemeHHH nrjibi Ha 3aKpbiTne noA“ 
SupaiOT TaKoii, htoSbi He Bbi3BaTb b TpybonpoBOAc 
HeAonycTHMoro rioBbimeHHH a^bjichhh . Ilocjie Toro 
KaK Hrjia ynce HecKOJibKO npHKpoeT oTBepcrae b Ha¬ 
caAKe, OTKJIOHHTeJIb 3a cueT achctbhh KaTapaKTa 
(cm. § 7-2) HaHHHaeT B03BpamaTbcn b CBoe nepBOHa- 
naJibHoe noJio>KeHHe. 

Ilpn nocTeneHHOM H3MeHeHHH Harpy3KH paboTaeT 
TOJibKO Hrjia. OTKJIOHHTeJIb CTpyn b 3tom cjiyuae CTOHT 
B HCXOAHOM nOJIOJKeHHH, TaK KaK npH MeAJieHHOM ABH" 
HceHHH cepBOMOTopa Macjio b KaTapaKTe ycneBaeT cno- 
kohho nepexoAHTb H3 oahoh nojiocTH b Apyryio, He 
co3AaBan ycHJiHH ajih nepeMemeHHH otkjiohhtcjih. 

EojibmHHCTBO KpynHbix THApoarperaTOB c kobiho- 
bbimh rn Ap OTy p6 hhumh odopyAOBaHO peryjiHTopaMH 
ABOHHOrO AGHCTBHH, B KOTOpbIX OTKJIOHHTeJIb ynpaBJIH- 
eTCH oahhm, a Hrjia ApyrHM pacnpeAejiHTeJibHbiM 3ojiot- 
HHKOM H CepBOMOTOpOM. B TaKHX peryJIHTOpaX ABH>Ke- 
HHe nopmHH cepBOMOTopa, nepeMeiAaioinero otkjiohh- 
Tejib nepe3 pbina>KHyio cncTeMy h kjihh KOM6nnaTopa, 
obecneuHBaeT xoa 30Ji0THHi<a, KOTopbm noAaeT Macjio 
k cepBOMOTopy, ynpaBJiHiomeMy nrjioH. 


ft, nFHHIIHniiAJIhHAJI CXEMA 
3 JIEKTPOrH^P ABJIKHECKOr O 
PEtyJlHTOPA (3TP) 

B 3jieKTpornApaBJiHnecKHx peryjiHTopax MaHTHHK, 
H30APOMBI, MexaHH3MbI OCTaiOIAeHCH HepaBHOMepHOCTH 
peryjiHpOBaHHH, H3MeHeHHH CKOpoera BpameHHH h 
orpaHHneHHH otkpbithh, a xaKH<e APyrne HecnjiOBbie 
sjieMeHTbi npeACTaBjieHbi pa3JiHUHbiMH ajieKTpHnecKHMH 
ycTpOHCTBaMH. Bch nee cHJiOBan nacTb, nepeABHraio- 
man peryjinpyiOLqiie opraHbi, coctoht H3 THApoMexa- 
HHHeCKHX SJieMeHTOB. 

Bee ajieKTpHHecKHe ycrponcTBa cKOMnoHOBaHbi b 
OTA ejibHOM uneasy, ycraHaBjiHBaeMOM o6bihho phaom 
c naHejibio ynpaBJieHHH. THApOMexaHHBecKaH nacTb 
KOMnoHyeTCH TaK >Ke, KaK h y raApoMexaHHHecKHx 
peryjiHTopoB b kojiohkc ynpaBJieHHH, MacjioHanopHon 
ycraHOBKe, MacjionpneMHHKe h Apyrnx y3Jiax thapo- 
MexaHHHeCKOH CHJIOBOH CHCTeMbl. 

KojioHKa ynpaBJieHHH h mnacj) c sjieKTpiiuecKHMii 
yCTpOHCTBaMH CBH3aHbI Me>KAy codoil 3JieKTpHUeCKHMH 
AeilHMH. 

Ha pne, 214 npeACTaBJieHa npuHimnnajibHaH cxeMa 
3jieKTporHApaBJiHnecKoro peryjiHTOpa rana PHTM*, 
KOTopbiH b HacTOHinee BpeMH BbinycKaeTCH npoH3BOA- 
CTBeHHbiM odBe^HHeHneM TypdocTpoeHHH ,,JleHHH- 
rpaACKHH MexajuiHuecKHH 3aBOA cc . 

TaxoreHepaTop PMC nepeMeHHoro TOKa c nocTOHH- 
HbiMH MarHHTaMH npHBOAHTCH bo BpaiijeHHe ot pery- 
jiHpyeMOH TypGmibi, KonnpyH ee nacTOTy BpameHHH. 
Ot TaxereHepaTopa Hanpn>KeHHe noAaercH Ha bxoa 
ajieMeHTa 1 cxeMbi, npeAcraBJiniomero co6on KOHTyp 
LG C ACMOAyJIHTOpOM H BbinOJIUmOIA^rO pOJIb H3MepH- 
TeJIH OTKJIOHeHHH HaCTOTbl OT HOpMaJIbHOH. 

Ilpn nacroTe TOKa 50 Tn; b KOHType LC HacTynaex 
pe30HaHC, npn kotopom conpOTHBJieHHe KOHTypa pe3KO 


The speed of the needle travel for the nozzle clo¬ 
sure is selected so as to prevent inadmissible pressure 
build-up in the penstock. After the needle has slightly 
closed the nozzle outlet section, the dashpot (see 
Section 7-2) returns the stream deflector to its initial 
position. 

In case of a gradual variation of load only the 
needle is operating. The stream deflector remains in 
this case in the initial position since, with the servo¬ 
motor piston moving slowly, the oil in the dashpot 
can flow quietly from one space into another and does 
not create forces to move the stream deflector. 

Most of large hydropower units with impulse 
turbines are equipped with a double-action speed 
governor, in which the deflector is controlled with 
the help of one distributing valve and a servomotor 
while the needle, with the help of others. In these 
speed governors the travel of the servomotor piston, 
which displaces the deflector through a leverage and 
a cam, affords the movement of the distributing valve 
feeding oil to the needle control servomotor. 


E. SCHEMATIC DIAGRAM 
OF ELECTRO HYDRAULIC 
SPEED GOVERNOR 

The flyballs, the PI elements, the offset mechanisms, 
the speed change mechanisms and the wicket gate 
opening limiters, as well as other control elements of 
electrohydraulic speed governors are represented by 
various electric devices. All the drives actuating the 
control members are hydromechanical devices. 

All the electrical devices are mounted in a separate 
cabinet installed usually adjacent to the unit control 
board. The hydromechanical part is arranged in the 
same way as hydromechanical speed governors, in the 
control post, oil pressure plant, oil header, and other 
units of the hydromechanical power drive system. 

The control post and the electrical cabinet are 
interconnected by electric circuits. 

Fig. 214 shows the schematic diagram of the 
PHTM* model of a electrohydraulic speed gover¬ 
nor which is at present manufactured by the Leningrad 
Metal Works Corporation. 

The a.c. tachogenerator PMC with permanent mag¬ 
nets is driven by the governed turbine at the turbine 
rotational speed. The voltage from the tachogenerator 
is fed to the input of element 1 of the circuit. This 
element is an LC circuit with a demodulator and 
functions as an instrument measuring the deviation 
of the frequency from the rated value. 

At a frequency of 50 Hz the IC circuit is brought 
to resonance at which its resistance sharply increases 
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B03pacTaeT (xeopexHnecKH j\o SecKOHenHO cxh) h tok 
Mepe3 Hero npaKXHnecKH He npoxoAHx, x.e. peryjinpyio- 
tqHH cHrHaji b cxeMy peryjiHpoBaHHH He nocxynaex, 
hto cooTBeTCTByeT ycxaHOBHBUieMycH pe>KHMy pafioxti 
arperaxa. Ilpn oxkjiohchhh cnopocxH BpanjeHHH ox 
HopMaubHOH LC — KOHxyp 1 (JjopMHpyex HeoGxoAH- 
Mbiii CHrHaji peryjinpoBaHHH, Koxopbin nepe3 sjieMem 2 
HacxpoHKH HyBCXBHxejibHocxH peryjiHxopa nocxynaex b 
ajieMeHT 3 cxeMbi, npeACxaBJiniomHH coSoh RC — 
KOHxyp. Ecjih LC KOHxyp 1 noAaex b cxeMy cmriaji 
peryjiHpOBaHHHj BejiHHHHa Koxoporo TeM fiojibuie neM 
fiOJIBUie OXKJIOHeHHH HaCXOXbl OX HOpMaJIbHOH, xo 
RC — KOHxyp cJ)opMHpyex cnraan, 3aBHCHHiAHH ox 
CKOpOCXH H3MeHeHHH HaCXOXbl, X.e. OX yCKOpeHHH Bpa¬ 
meHHH arperaxa. TaKHM o6pa30M, peryjinxop PHTM 
HBJinexcH peryjiHxopoM cnopocxH xyp6nHbi c hoiojib- 
30BaHHeM 3(J)c})eKTa ycKopeHHH. H3 3JieMeHxa 3 CHrHaji 
peryjinpoBaHHH no cnopocxH h ycKopemno nocxynaex 
b ycnjinxejib 5. YcHJiHxejiB 5 HMeex jioKajiBHbie oxpn- 
qaxejibHbie ofipaxHbie cbh3h 6 n 7, H3 Koxopbix 3BeH0 7 
co3Aaex HeofixoAHMyio ocxaiomyiocH HepaBHOMepHocxt 
peryjinpoBaHHH (cxaxn3M). 3bcho 6 hbjihcxch 3JieK- 
TpHneCKHM H30AP0M0M C KOHXaKXHbIMH pejie 8 , n03B0- 
JiniomnMH npoH3BOAHXb xpeSyeMyio ero HacxpoHKy. 

H3 ycHJinxejiH 5 cnraan peryjinpoBaHHH nocxynaex b 
ycHjinxejib 10 , oxnyAa nocxynaex b 3jieKxpornApaBjin- 
necKHn npeo6pa30Baxejib rHApoMexaHHnecKOH kojiohkh 
peryjinpoBaHHH, r^e ajieKTpnnecKne cnrHajibi npeo- 
6pa3yioxcH b nponopnnoHajiLHbie nepeMemeHHH pery- 
Jinpyromnx opraHOB xypfiHHbi, npoiiAH npn sxom KacnaA 
THApaBJiHHecKHx ycHJiHxejieii. Kan bhaho H3 cxeMbi 
3XH nponopAHOHajibHbie nepeMemeHHH peryjmpyioiimx 
opraHOB oSecnennBaioxcH 3a cnex OTpHnaxejiBiroH ofipax- 
hoh cbh3h HanpaBJiniomero annapaxa k ycnjinxemo 10. 
H3MeHeHHe nacxoxbi BpameHHH npoHSBOAHxcn nyxeM 
BBOAa ynpaBJiHiomero cnrnajia ox ycxponXBa 4 — 
MexaHH3Ma H3MeHeHHH nacxoxbi, HMeiomero AncxaHAHOH- 
Hoe ynpaBJieHHe. Cnraan, nocxynHBniHH b cxeMy ox 
ycxponcxBa 4 fiyAex peajiH30BbiBaxbCH c 3aMe aJ ieHHeM 
3a cnex xopM03Hmero achcxbhh H30ApoMa 6, nosxoMy 
cKopocxB BpameHHH 6yAex h3mchhxbch nnaBHo, nxo 
ofijieraaex ycjiOBHH cHHxpoHH 3 au;HH arperaxa npn bkjiio- 
neHHH ero b cexB. B cboio onepeAB BHeniHHH cnraan 
Ann H3MeHeHHH Harpy3KH Ha arperaxe, bboahmbih nepe3 
ycxpoHcxBO 9, Ha3biBaeMoe MexaHH3MOM H3MeHeHHH Mom- 
hocxh, peann3yexcH cncxeMOH peryjiHpoBaHHH 6e3 yna- 
cthh b 3xoh onepaimn H30AP0Ma, noaxoMy oh peajiH3yex- 
ch c Hy>KHOH SbicxpoxoH, xaK nan b 3xom cjiynae BBe- 
AeHHbiH cnrHan 6yAex aHHynnpoBaH xonBKO cnrHanoM 
oSpaxHOH CBH3H, nocxyiiHBiHHM ox peryjinpyiomero 
opraHa Ha bxoa ycHnnxenH 10. 

CxeMa pacnono>KeHHbix b KonoHKe ynpaBneHHH 
3TP (PHTM) aneMeHXOB raApoMexaHHnecKOH nacxn 
npeAcrasneHa Ha pnc. 214. IIpocneAHM no sxoh cxeMe 
AencxBHe ochobhbix ajieMeHXOB rHApoMexaunnecKOH 
nacxH b npoijecce perynnpoBaHHH cnopocxH h Harpy3KH. 


(theoretically up to infinity) and no current actually 
passes through the network, that is, no control signal 
is sent to the governor circuit, this corresponding to 
the steady-state operation duty of the unit. At a devia* 
tion of the rotational speed from the rated value LC 
circuit 1 shapes the required control signal which is 
fed through sensitivity control element 2 to element 
3 of the circuit which is an RC circuit. In case LC 
circuit 1 sends to the circuit a control signal propor¬ 
tional in magnitude to the speed deviation from the 
rated value, the RC network shapes a signal depending 
on the frequency change rate, that is, on the unit 
acceleration. Thus, the PHTM speed governor uses 
the effect of acceleration. From element 3 the speed 
and acceleration control signal is supplied to ampli¬ 
fier 5. Amplifier 5 has local degenerative feedbacks 6 
and 7; of these two link 7 provides for the desired 
offset. Link 6 is an electric PI device with contact 
relays 8 enabling the required adjustment of the PI 
controller. 

From amplifier 5 the control signal is supplied to 
amplifier 10 where from it is passed to the electric- 
hydraulic convertor of the hydromechanical governor 
post where electric signals are converted into propor¬ 
tional displacements of the turbine governing controls 
passing in the process a stage of hydraulic amplifiers. 
As is seen from the diagram, these proportional displa¬ 
cements of governing controls are provided on account 
of the degenerative feedback of the wicket gate to 
amplifier 10. The rotational speed is changed by the 
input of the control signal from device 4 (remote- 
control speed changing mechanism). The signal sup¬ 
plied to the circuit from device 4 will be realized with 
a delay due to the braking action of the PI element 6 
and for this reason the rotational speed will be varied 
smoothly, this facilitating conditions of the power 
unit synchronization when connecting it to the grid. 
In its turn, the external signal for changing the unit 
load, which is supplied through device 9 (a power 
changing mechanism), is realized by the governing 
system dispensing with the PI element for this opera¬ 
tion. For this reason it is realized as quickly as requi¬ 
red since in this case the input signal will be cancelled 
only by the feedback signal supplied from the control 
element to the input of amplifier 10. 

The schematic arrangement of elements of the 
hydromechanical part in the control post of the electro- 
hydraulic governor of the PHTM model is illustrated 
by Fig. 214. On this diagram the functioning of basic 
elements of the hydromechanical part in the process 
of speed and load control may be followed. 
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Phc. 214. CxeMa rH^pOMexamraecKofi nacTH 3.P.I\ — 
PHTM: 

1 — MEHOMeTp; 2 —■ TaxoMerp; 3 — 6ajiaHCHbin npn6op; 4 -— yna3a- 
Tejib noJioxKeHHH HanpaBjinioipero annapaTa h orpammuTe jih ; 5 — 
ycHjinxejib; 6 — yKa3aTenb noJio>KeHHH jionacTen pa6o*iero KOJieca; 
7 — curHajibHbie Jiawnbi CTonopa nanpaBJiHiomero annapaTa h poTOpa 
arperaTa; 8 — Kjnon H3MeHeHHH ckopocth n Harpy3Kn ; 9 — Maran- 
TosjieKTpnnecKHH npeo6pa30BaTejn>; 10 — rHApoycHJiHTent; 11 — 

noSyflHTejibHbin 3 ojiothhk ; 12 — cojieHon# nycna ; 13 — cojieHOHfl 
ocTaHOBKH; 14 — cojienoHfl xonocxoro xoaa; 15 — KOHTaKTbi cone- 
Honfla xonocToro xo/ja; 16 — MexaHH3M pynnoro orpammeHnn; 17 — 
MexaHH3M aBTOMaTHnecKon nacTpoHKH no nanopy; 18 — py^rnoe ynpa- 
BJieHne jionacTHMH; 19 — cejibCHH oSpaTHon cbhsh no Hanopy; 

20 — yKa3aieJib Hanopa; 21 — ^aTnnK o6paTHoii cbh3h; 22 — no- 
TemjHOMeTp nonojKeHHH HanpaBJiHioinero annapaTa; 23 — noTemjHO- 
MeTp nojioHteHHH JionacTen pa6onero KOJieca; 24 — Kyna^OK kom6h- 
naTopa; 25 — KOHTaKT CHrHajin3anHH nojiOHteHHH JionacTen ; 26 — 
kjihh orpaHHneHHH molphocth no Hanopy; 27 — Ban orpaHHHHTejin; 
28 — (JiHJibTp MacjiHHbin; 29 — KOHTaKT npoTHBopa3roHHOH 3ainnTbi; 
30 — pacnpeAejiHTejibHbin 30 jiothhk HanpasjiHion^ero annapaTa; 31 — 
noTeHpHOMeTp orpaHHHHxejin; 32 — HacTaBKa BpeiweHH HanpaBJinio- 
ipero annapaxa; 33 — nacTpOHKa BpeMeHH pa6onero KOJieca; 34 — 
BbiKjnonaTejib orpaHnnuTenn; 35 — pacnpefleJiHTenbHbiH 30 jiothhk 

paSonero KOJieca; 36 — MexaHH3M orpaHnneHHH 3aKpbiTHH; 37 — Me- 
xaHH3M pa3BopOTa JionacTen; 38 — KoiwaHAoannapaT; 39 — Ban Bbi- 
KmonaxeneH; 40 — iwexaHH3M nycna h ocTaHOBKH; 41 —MexaHH3M 
xonocToro xo^a; 42 — koht3kt KOHTponH o6pbma Tpoca; 43 — asthhk 
A asneHHH; 44 — nepennionaTejib peryjiHxopa ^PynHoe-ABTOMaT"; 

45 — KOHTaKT nepeKmoneHHn perynniopa; 46 — aBapHHHbin 3onoT- 
hhk; 47 — KJianaH coneHOHAHbin aBapnHHoro 3aKpbiTHH; 48 — Kna- 
naH coneHOHAHbin nporpaMMHoro aBapnHHoro 3aKpbiTHH 


Fig. 214. General arrangement of actuator section of electro- 
hydraulic speed governor — PHTM: 

1 — pressure gauge; 2 — tachometer; 3 — balancing instrument; 4 — gate 
and limiter position indicator; 5 — amplifier; 6 — runner blade position 
indicator; 7 — indicating lamps for wicket gate and unit shaft stopper; 
8 — speed and load switch; 9 — magnetoelectric transducer; 10 — hydraulic 
booster; 11 — boosting valve; 12 — start-up solenoid; 13 — stoppage 

solenoid; 14 — no-load run solenoid; 15 — no-load run solenoid contacts; 
16 — manual limiter; 17 — head-related automatic adjustment mechanism; 
18 — manual control of blades; 19 — head-related feedback synchro; 

20 — head indicator; 21 — feedback transmitter; 22 — wicket gate position 
potentiometer; 23 — runner blade position potentiometer; 24 — combinator 
cam; 25 — blade position signalling contact; 26 — limiter of head-related 
output; 27 — limiter shaft; 28 — oil filter; 29 — runaway protective contact 
gear; 30 — wicket gate distribution valve; 31 — limiter potentiometer; 
32 — wicket gate time setting; 33 — runner time setting; 34 — limiter 
switch; 35 — runner distribution valve; 36 — closing limiter mechanism; 
37 — blade tilting mechanism; 38 — master switch; 39 — shaft of switches; 
40 — start-up and stoppage mechanism; 41 — no-load speed mechanism; 
42 — alarm contact of cable failure; 43 — pressure transmitter; 44 — .Ma¬ 
nual-automatic ’’ switch; 45 — speed governor switch contact; 46 — emer¬ 
gency valve; 47 — emergency closing solenoid valve; 48 — solenoid valve 
of program-controlled emergency closing 
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npe^nojioJKHM, hto c arperaTa npoH3omeji c6poc 
KaKOH-TO UaCTH Harpy3KH. npH 3TOM CKOpOCTb Bpame- 
hhh arperaTa HauHeT B03pacraTL, hto npHBeACT k 
noBBiineHHK) uacTOTbi BbipaSaTbiBaeMoro TaxoreHepa- 
TOpOM TOKa. C B03paCTaHHeM UaCTOTbX TOKa, Kai< MbI 
y>Ke OTMe^ajiH npn paccMOTpeHHH cxeMbi, npe^CTaBJieH- 
hoh Ha pHC. 214, ajieKTpHHecKHH cnrHaji ot TaxoreHepa- 
Topa, npoiiAH (|) 0 pMHp 0 BaHne h npeo6pa30BaHne b 
ajieKTpHHecKOH uacra peryjiHTOpa, nocryriHT b MarHHTO- 
3JieKTpHHecKHH npeo6pa30BaxeJib 9 h mjspoy chjihtc jib 
10, Bbi3BaB nepeMemeHHe nopniHH rHApoy chjihtcjih 
BHH3. 

CMemeHHe nopuiHH rH ap oy chjihtcjih 10 bhh3 bbi- 
30BeT, uepe3 pbiua>KHOTHroByio nepeAauy, ABHHceHHe 
TaK>Ke BHH3 IT06yABTeJIBHOrO 30JI0THHKa 11, KOTOpblH 
OTKpoeT AOCTyn macjia noA AaBJieimeM b BepxHiOK) 
noJiocTb BcnoMoraTejiBHoro cepBOMOTopa, nocjieAHHH 
BMeCTe C TJiaBHblM 30JI0THHK0M CMCCTHTCH TaK>Ke BHH3 
h OTKpoeT AOCTyn ivtacjiy noA AaBjieHneM b nojiocTb 
3aKpbiTHH cepBOMOTopa HanpaBJiHiomero annapaTa Typ- 
6 hhbi. 

npoAecc peryjinpoBaHHH CTa6HJiH3HpyeTCH b tom 
cjiyuae, KorAa rjiaBHbiii 30 jiothhk B03BparaTCH b CBoe 
HcxoAHoe — cpeAHee nojionceHHe, uto odecneuHBaeTCH 
AeHCTBHeM 3JieMeHTOB o6paTHOH CBH3H. 3jieKTpHHeCKaH 
oSparaan CBH3B ot nopuiHH cepBOMOTopa npn ero nepe- 
MemeHHH nouuieT cnraan Ha bxoa y chjihtcjih 10 
pnc. 214. rio cry hhbihhh cnrHaji b CHCTeMy peryjinpo- 
BaHHH ot pe30HaHCHoro KOHTypa LC Ha bxoac 6yAeT 
aHHyjinpoBaH cmccthbiiihmch Ha 3aAaHHyio BejiHUHHy 
nopuiHeM cepBOMOTopa HanpaBJiniomero annapaTa. 

7 - 3 . MACJIOHAHOPHME YCTAHOBKM 

A. HA3HA*IEHHE H KOHCTPyKI^mf 

MacjioHanopHan ycraHOBKa (. MHY ) npeAHa3HaueHa 
AJih nHTaHHH MacjioM noA AaBJieHneM (o 6 bihho) 20—30 
Krc/cM 2 ) Been cncTeMbi peryjmpoBaHHH h ynpaBjie- 
hhh THApoarperaTOM, b tom UHCJie h ynpaBJieHHH 3aT- 
BOpaMH THApOTypOHH H XOJIOCTbIMH BbHiyCKaMH. KpoMe 
Toro, b nocjieAHee BpeMH MHY crajin npHMeHHTt h 
AJih TOpMO>KeHHH poTopa rnApoarperaTa b npoijecce 
ero ocTaHOBKH. 

MacjioHanopHan ycraHOBKa coctoht H3 MacjiocjiHB- 
Horo Sana, Ha kotopom CMOHTHpOBaHbi Macji0B03Ayiu- 
HbiH KOTeji, Hacocbi, KJianaHbi npeAOxpaHHTejiBHbie, 
nepenycKHbie h oOparabie, pejie AaBJieHHH h Apyrne 
ycTpoiicTBa (pnc. 215) h chctcmbi TpyOonpoBOAOB. 

MacjiocjiHBHOH Can. MacjiocjiHBHOH 6a k 5 npeA- 
CTaBJineT co 6 oh CBapHyio npnMoyor jibhoh (jjopMbi Mac- 
JIOeMKOMCTb, pa3TOpO>KeHHyiO BHyTpH CT>eMHbIMH 4)HJIB- 
TpaMH Ha ABe nojiocTH, TaK hto cjiHBaeMoe b 6an 


Let us assume some part of the unit load is thrown 
off. In the process, the unit speed increases, this result¬ 
ing in an increase of the frequency of current generated 
by the tachogenerator. As it has been already noted, 
when discussing the diagram of Fig. 214, an increase 
in the frequency causes the electric signal coming from 
the tachogenerator, upon shaping and converting in 
the electrical part of the governor, to arrive at magnetic- 
electric converter 9 and hydraulic amplifier 10, bringing 
about the downward displacement of the hydraulic 
amplifier piston. 

The downward displacement of hydraulic amplifier 
10 piston will actuate through the leverage the down¬ 
ward motion of boosting valve 11 which will admit 
oil under pressure into the upper space of the auxiliary 
servomotor cylinder. The latter will also move down 
together with the main slide valve and clear the access 
of oil under pressure into the closure space of the tur¬ 
bine wicket gate servomotor. 

The governing process is stabilized in case the 
main slide valve returns into its initial, that is, middle, 
position, this being provided by the feedback elements. 
The electric feedback from the servomotor piston 
sends a signal to the input of amplifier 10 (Fig. 214) 
when the piston is moving. The signal supplied to the 
governing system from the resonant LC circuit at 
the inlet will be cancelled by the wicket gate servomotor 
displaced over a specified value. 

7-3. OIL PRESSURE PLANTS 

A, PURPOSIC AND MECHANIC AL DESIGN 

The oil pressure plant is intended for supplying 
oil under pressure (usually 20 to 30 kgf/cm 2 ) to the 
entire speed governing and unit control system, includ¬ 
ing the controls of turbine gate valves and waste water 
outlets. In addition, the oil pressure plants have recently 
found application for braking the hydropower unit 
rotor during the unit shut-down. 

The oil pressure plant comprises an oil drain tank 
mounting a pressure tank, pumps, safety valves, by-pass 
valves, non-return valves, pressure switches, miscel¬ 
laneous devices (Fig. 215), and pipeline systems. 

Oil drain tank. Oil drain tank 5 is a welded oil 
container, rectangular in shape and divided by remo¬ 
vable filters into two spaces, so that waste oil drained 
into the tank finds its way to the oil pump on passing 
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Phc. 215. KoHCTpyKTHBHaH cxeMa MacnoHanopHOH yc- 

TaHOBKH: 

1 , 2 , 3 — BeHTHJiH onopojKHeHHH ; 4 — 4>HJibTp; 5 — Macjio- 
cjihbhoh 6aK; 6 — TepMoconpoTHBJiemie; 7 — kohtektbi noiuias- 
Ka ; 8 — nonnaBOK ; 9 — 3jieKTpoflBnraTejiH ; 10 — nepenycKHbie 
KJianaHbi ; 11 — ofipaTHbie KJianaHbi; 12 — MacjiOHacocbi ; 13 — 
npeAoxpaHHTejibHbie KJianaHbi; 14 — cjihbhoh bchthjii. ; 15 — 
(]pnjn>Tpbi; 16 — MacjioMepnoe ctckjio ; 17 — mehomctp ; 18 — 
Macji0B03AyiimbiH KOTeji; 19 — B03#,ymHbm oGpaTHbm KJianaH; 
20 — pejie noHHJKeHHoro AaBJieHHH; 21 —pene aBapHHHO HH3- 
Koro flaBJieHHH; 22 — ruflpoKOMnpeccop 

I — cjihbhoh 6an; II — BbinycK B03flyxa b aTiwoccfrepy; III — 
no^ana B03/jyxa ot KOMnpeccopa; IV — k MexaHH3Maiw ynpaBJieHHH 
h peryjiHpoBaHHH TypSHHbi; V — so3BpaT cjiHBHoro Macjia 


Fig. 215. General arrangement of oil pressure system: 

1, 2, 3 — drain valves; 4 — filter; J — sump tank; 6 —thermal 
resistance; 7 — float contacts; 8 — float; 9 — electric motors; 

10 — by-pass valves; 11 — non-return valves; 12 — oil pumps; 
13 — safety valves; 14 — drain valve; 15 — filters; 16 — gauge 
glass; 17 — pressure gauge; 18 — oil pressure tank; 19 — air non¬ 
return valve; 20 — low pressure switch; 21 — emergency low 
pressure switch; 22 — hydraulic compressor 

/ — sump tank; II —air vent into atmosphere; III —air supply 
from compressor; IV — to control and regulating mechanisms 
of turbine; V — drain oil return 


OTpafioTaHHoe MacJio nonaAaer k Hacocy, npofiAH uepe3 
CeTUaTBIH (})HJILTp. OSbIUHO MaCJIOCJIHBHOH 6aK 3aAC“ 
JIbIBaiOT B 6eTOH TaK, HTOfibI KpblHIKa ero, Ha KOTOpOH 
CMOHTHpOBaHbi BCe MexaHH3MbI MHY H KOTeji, He- 
ckojibko BbicTynajia HaA ypoBHeM nojia hjih 6buia pac- 
nojio>Kena 3anoAJiHijo c hhm. 

MaCJIOBOSAyiHHblH KOTeJI. MaCJI0B03AyiHHbIH 
KOTeji 18 — KJienaHan hjih cBapHan KOHCTpy ku,hh, 
H3roTOBJieHHaH H3 jihctoboh npoKaTHoii cTajiH. 3anoji- 
HeHHbiii noA AaBJieHHeM b CBoefi hhjkhch uacra HeM- 
HorHM MeHee noJioBHHbi MacjioM, a b BepxHefi uacra 
B03AyX0M, MaCJI0B03AyHIHbIH KOTCJI 18 HBJIHCTCH aK- 
KyMyjiHTopoM SHeprHH, KOTopan pacxoAyeTCH Ha ne- 
peMeiAeHHe pafiouHx opraHOB h MexaHH3MOB cHcreMbi 
peryjiHpoBaHHH h ynpaBJieHHH arperaTa. 


the strainer. Usually the oil-drain tank is embedded 
in concrete so that its cover mounting all mechanisms 
of the oil pressure plant and the pressure tank extends 
somewhat above the floor level or is flush with it. 

Pressure tank. Pressure tank 18 is a riveted or 
welded construction made of rolled plate steel. The 
pressure tank lower part is filled with oil, less than 
half full, and the upper part of the tank contains 
compressed air. This tank 18 is the accumulator of 
energy which is then spent for the displacement of 
working members and mechanisms of the hydropower 
unit governor and control system. 
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Phc. 216. Bhhtoboh Hacoc: 

1 — Kopnyc; 2 — py6aun<a; 3 — ijeHTpajibHuii bhht ; 
4 — 6oKOBbie BeflOMbie bhht£>i 


Fig. 216. Screw pump: 

1 —pump casing; 2 — jacket; 3 — central screw; 
4 — side driven screws 


Koxeji npnKpenjieH k Mac jio cjihb HOMy 6ai<y 6 oji- 
TaMH, co(|)JiaHi(Bi naTpySKOB Ha Sane h 
HH>KHCH UaCTH KOTJia. 

Bo3Ayx b KOTeJi o6biHHO noAKanHBaeTCH ot o6iiie- 
CTaHIJHOHHOH KOMnpeCCOpHOH , XOTtt eCTb KOHCTpyKAHH 

MHY, 3to ACJiaeTCH npH ixomoiah aBTOMaTHuecKii 
ACHCTByiomero MacjiOB03AymHoro KOMnpeccopa, hc- 
nojib 3 yioiAero snepraio MacJia no a a^b jiermeM. Tanne 
ycTpoHCTBa npHMeHHiOTCH a™ He6ojn>niHX rnApoarpe- 
raTOB. 

MacjxoHacocbi. CoBpeMeHHBie KOHCTpyKiinn MHY 
oSopyAOBaHbi AByMH bhhtobbimh MacnoHacocaMH 
12 (OAHH .H3 HHX pe 3 epBHbiii); no cpaBHemno c 3y6- 
HaTbiMH 5 KOxopbiMn paHee KOMn jtcktob ajin MHY , ohh 
oSjiaAaiox Gojibmeii SKcnjiyaxaAKOHHOH HaAOKiiocTbio 
n paSoTaiOT Sojiee oiokohho. 

Bhhtoboh Hacoc (pnc. 216) HMeer BcacbiBaiomyio h 
H arHeTaTejibHyio noirocTH Kopnyca 1 , pa3ACJieHHbie 
pySaniKOH 2, b KOTopon Bpamaioxcn TpH BHHTa Macjio- 
Hacoca. Bhht 3 , nojiynan BpaiAemie ot aneKTpo abh- 
raTejin, c kotopbim oh CKpenjieH coeAHHHTejiBHon My(J)- 
XOH, npHBOABT BO BpaiAeHHe ABa BeAOMbIX BHHTa 4. 
Bch BHyxpeHHHH noBepxHOCTb py6aniKH 2 Hacoca, 
conpHRacaioniancH c BHHTaMH, HMeeT 6a66HTOByio 3a- 
jiHBKy h o6pa6oTaHa ran, hto Me>KAy Heio h BHHTaMH 
o6pa3yeTCH 3a3op 0,03—0,05 mm. 

OceBoe AaBnenne Ha bkhtux, B03HHKaiomee npH 
pa6oxe Hacoca, BoenpHHHMaeTCH cneAHaJibHbiM ynopHbiM 
6a66HTOBbiM noAninnHHKOM Ha Topuax bhhtob. 3oHa 
3Toro noAninnHHKa nepe3 oceBbie cBepneHHH b BHHTax 
coeAnHeHa c nojiocTbio AaBJieiiHH Hacoca. Bo BpeMH 
paSoTbi Hacoca Macno H3 BcacbiBaioiuch nojiocTH, no- 
naAan bo BnaAHHbi bhhtoboh Hape3KH, co3AaiouieH b 
M ecrax KacaHHH CBoeo6pa3Hoe ynnoTHeHne, neperorm- 
excH baojib bhhtob b HarHexaTejibiiyio nojiocTb. 

CoOTHOUieHHH BHHTOB A^JiaiOT TaKHMH, HTO BeAOMbie 
BHHTbi BpaiiiaioxcH He ot bo3Achctbhh Hape3KH BeAy- 
mero BHHTa, a ot A aB JieiiHH npoABHraiomerocn no 
BnaAnHe Macjia. 3 to oScxoHxejiLcxBO noHH>Kaex h3hoc 
H acxen Hacoca. 


The pressure tank is bolted to the oil drain tank 
through flanges of branch pipes on the oil drain tank 
and on the pressure tank bottom part. 

Usually compressed air is supplied into the pressure 
tank from the common station service compressor 
plant. However, in some oil pressure plants compressed 
air is supplied by an automatic oil-and-air compressor 
utilizing the energy of oil under pressure. Such instal¬ 
lations are used with small hydropower units. 

Oil pumps. Modern oil pressure plants are equip¬ 
ped with two screw pumps 12 (one of them being a 
stand-by pump); in comparison with gear pumps used 
earlier they are more dependable and operate more 
smoothly. 

Screw pump (Fig. 216) housing 1 is divided by 
jacket 2 into the suction and pressure spaces. Three 
screws of the oil pump rotate inside the jacket. Screw 
3 driven by an electric motor connected to it through 
a coupling drives in its turn two screws 4 . The entire 
inside surface of pump jacket 2 contiguous with the 
screws is babbit-lined and machined so that a clearance 
of 0.03 to 0.05 mm is provided between the jacket 
surface and the screws. 

The axial thrust on screws arising during the pump 
operation is taken up by a special babbitdined thrust 
bearing arranged at the screw butt ends. The zone 
of this bearing is connected with the pressure space 
of the pump through axial holes in the screws. During 
the pump operation oil is driven from the suction 
space into the pressure space along the screws entering 
into the recesses of the screw thread and creating a 
certain seal at the points of contact. 

The screws ratio is made so that the driven screws 
rotate under the action of pressure of oil travelling 
along the screw thread and not due to the driving 
screw thread. This reduces wear of the pump com¬ 
ponents. 
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llepenycKHbie KJianaHbi. PacnoJiaraeMbie Ha 
HanopHbix TpySonpoBOAax ot HacocoB k KOTJiy nepe- 
nycKHbie KJianaHbi ynpaBjmiox noAaueh Macjia ot Ha¬ 
coca b KOTeji, noAA e P>KHBan AaBjieHHe b hcm b 3aAaH- 
Hbix npeAejiax. 

IlepenycKHOH KJianaH, ynpaBJineMbin noABOAHMbiM 
no TpySne 2 (pnc. 217) MacjiOM H3 KOTJia, paSoTaeT 
aBTOMaTHuecKH. Oh HaxoAHTcn b otkpbitom nojio>Ke- 
hhh, KorAa AaBjieHHe Macjia b Macji0B03AyuiH0M KOTJie 
HopMajibHO. B 3to BpeMH Macno nepenycnaeTCH H3 Ha- 
nopHOH nonocTH Hacoca b MacjiocjiHBHon 6aK. KorAa 
AaBJieHHe B KOTJie CTaHOBHTCH HH>Ke HOpMaJIbHOFO, 
nepenycKHOH KJianaH 3aKpbiBaeTCH h Macjio H3 HanopHOH 
nonocTH Hacoca nocxynaeT b Macji0B03AymHbiH kotcji. 

HopMajibHbiM AaBJieHHeM Macjia b MacjiOHanopHOM 
KOTJie cHHTaeTCH AaBjieHHe b npeAejiax ot HOMHHajib- 
Horo ao HenoToporo 3aAaHHoro noHH>KeiiHH. 3tot Ana- 
na30H o6biHHo cocTaBJinex 1,5—2 ktc/cm 2 h Ha3biBaeTCH 
nepenaAOM AaBJieHHH. PaccMOTpHM Ha npHMepe 
(pnc. 217) npHHAHn aohctbhh nepenycKHoro KjianaHa. 

B Tejie KjianaHa 1 c AK(j)(t)epeHAHajibHbiM nopmHeM 
pa3MemaeTCH sojiothhk 3 c npyncHHOH 4, npHHCHMaio- 
me h 3ojiothhk KHH3y. IIJioiAaAb nopmHH KjianaHa co 
CTopoHbi nojiocTH A Sojibuie, neM co ctopohm nojiocTH 
B. Ha nopmeHb 1 co CTopoHbi nojiocTH B h Ha hh>khhh 
TOpeA 30Ji0THHKa 3 nocTOHHHo ACHCXByeT AaBjieHHe, 
noABOAHMoe no xpy6Ke 2 H3 KOTJia MHY . IIojiocTb A 
b 3aBHCHM0CTH ot nojio>KeHHH 30JiOTHHKa, onpeAejiHe- 


By-pass valves. By-pass valves installed in the sup¬ 
ply pipelines between oil pumps and oil-pressure tank 
control the oil supply from the pumps to the oil- 
pressure tank maintaining the oil pressure within pre¬ 
set limits. 

The by-pass valve controlled by oil fed from the 
oil pressure pump through pipe 2 (Fig. 217) operates 
automatically. The valve is open at a normal pressure 
of oil in the oil pressure tank. This being the case, oil 
is drained from the pressure space of the oil pump 
into the oil-pressure tank. With oil pressure within 
the tank below the normal the by-pass valve closes 
and oil is supplied from the pump pressure space into 
the oil-pressure tank. 

The oil pressure within the oil-pressure tank is 
considered normal when it remains within the range 
between the rated one and a certain pre-set lower limit 
This range is usually 1.5 to 2.0 kgf/cm 2 and is termed, 
the pressure drop. The principle of the by-pass valve 
action is illustrated below by way of example (Fig. 217). 

By-pass valve body 1 with a differential piston 
accommodates valve 3 with spring 4. The spring 4 
holds valve 3 down. The area of the by-pass valve 
piston at the side of the space A is greater than at 
the side of the space B . The pressure of oil fed through 
pipe 2 from the oil-pressure tank acts upon piston 1 
from the space E and upon valve 3 lower end at all 



f 



1 — nojiocTb naA KJianaHOM; 2 — KanaBKa; 3 — oTBepcrtie; 4 — npy>KHHa 


Fig. 218. Non-return valve: 

1 — space above valve; 2 — groove; 3 — hole; 4 — spring 


Phc. 217. IlepenycKHOH KJianaH: 

I — cjihb b flpeHa>K; II — ot Hacoca; III — cjihb b ApeHaiK 

Fig. 217. Bypass valve: 

I — draining; II — from pump; III — draining 
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Moro AaBJieHHeM MacJia b Korae MHY , mohcct Haxo- 

MHTbCH nOA T^aBJieHHeM HJIH COe^HHHTbCH CO CJIHBOM. 

KorMa b KOTJie MaBJieHHe Macjia HH3Koe, npy>KHHa 4 
y^ep>KHBaeT 3 ojiothhk 3 b hhhchcm no jiokchhh, nojio- 
ctb A b 9to BpeMH 6yA£T Haxo^HTbCH noM AaBjiemieM. 
3a cner pa3HOCTH njion^a^eH nop ihhh co CTopOHbi no- 
nocTen A h B KJianaH 1 saKpoeTCH, n MacjioHacoc 6y,n;eT 
pa6oTaTb Ha kotcji. 

IIpH noBbimeHHH MaBJieHHH b KOTJie mo BepxHero 
npeMCJia MaBJieHHe Macjia Ha Topeu; 30Ji0THHKa 3 6yAeT 
Sojibuie MaBJieHHH ot npy>KHHbi, noaxoMy 30Jiothhk 
nepeMecTHTCH BBepx h coeAHHHT nojiocTb A co cjihbom. 
npH 3tom KJianaH 1 nepeMecTHTCH BBepx, h Macjio Haco- 
ca 6yMeT nocTynaTb Ha cjihb mo Tex nop, nona MaBJieHHe 
b KOTJie He ynaMeT mo HHHoiero npeMOJia. 

HacTpOHKa KJianaHa Ha 3aMaHHoe MaBJieHHe ocymecT- 
BJineTCH npn noMomn BHHTa 5 . 

06paTHbie KJianaHM. OSpaTHBiii KJianaH TaK 
>Ke, KaK h nepenycKHon, ycraHOBJieH Ha HanopHOM 
Tpy6onpoBOMo ot Hacoca k KOTJiy MHY . CboSomho 
nponycKan Macjio ot Hacoca b kotcji, oh npeMOTBpa- 
maeT oSpaTHoe nocTynjieHne Macjia H3 KOTJia, KorMa 
MaBJieHHe b HanopHon noJiocTH Hacoca naMaeT. 

OSpaTHbiH KJianaH oTKpbiBaeTcn MaBJieHneM Macjia 
ot Hacoca b tot momcht, KorMa nepenycKHOH KJianaH 
3aKpbiBaeTcn n Hacoc padoTaeT Ha kotcji. 3aKpbiBaeTcn 
o6paTHbiii KJianaH, KorMa nepenycKHon KJianaH OTKpbiT 
n Hacoc paSoTaeT Ha cjihb. 

Ha pHC. 219 noKa3aH omhh H3 BapnaHTOB KOHCTpyK- 
Mhh oSparaoro KJianaHa, mohctbhc KOToporo cbomhtch 
k cjieMyiomeMy. 

KorMa Hacoc ctoht hjih paSoTaeT Ha cjihb, Tejio 
KJianaHa chjioh npy>KHHbi h MaBjieimeM Macjia csepxy 
npH>KaTo k ceAJiy, BCJieMCTBHe nero 3anHpaeTCH bbixom 
M acjia H3 KOTJia. KorMa Hacoc paSoTaeT He Ha cjihb, T.e. 
nepenycKHon KJianaH 3aKpbiT, MaBJieHHe noA oSparabiM 
KJianaHOM CTai-iOBHTCH SoJibine MaBJieHHH b KOTJie, 
KJianaH noMHHMaeTCH, h Macjio ot Hacoca nocTynaeT b 
KOTCJI. 

IIpeMoxpaHHTejibHbie KJianaHW. IIpeMOXpaHHTejib- 
Hbin KJianaH (pnc. 219) y craHOB JieH HenocpeMCTBeHHo 
Ha Hacoce hjih Ha rpamroameM c HacocoM ynacTKe Ha- 
nopHoro Tpy6onpoBOMa 5 KOTOpbiii HAeT ot Hacoca k 
KOTJ iy. Oh npeMOTBpamaeT B03pacTaHHe MaBJieHHH b 
KOTJ ie Bbirne MonycTHMoro b cjiynanx 3aeAamiH nepe- 
nycKHoro KJianaHa b 3 aKpbiT 0 M nojio>KeHHH. KpOMe 
Toro, oh npennTCTByeT noBbimeHHio MaBJieHHH HenocpeM- 
CTBeHHo b Hacoce b cjiyqanx 3aeMaHHH oSparaoro 
KJianaHa b 3aKpbiT0M no jiojkchhh, a TaK>Ke npn bkjho- 
qeHHH Hacoca npn 3aKpbiT0M 3 anopHOM BeHTHJie, KorMa 
Hacoc pa6oTaeT Ha 33MKHyT0M ijHKjie. 

npeMOxpaHHTeJibHbiH KJianaH HacTpaHBaiOT oSbiuho 
TaK, HTO OH OTKpbIBaeTCH npH MaBJieHHH Ha 1,5 — 
2 Krc/avi 2 Bbirne BepxHero npeMCJia paSonero nepenaMa. 
Ilpn HopMajibHOM paSoneM MaBJieHHH b KOTJie KJianaH 
HaXOMHTCH B 3aKpbITOM noJIO>KeHHH. 

IIpHHMHn mghctbhh npeMOxpaHHTejibHoro KJianaHa 
BecbMa npocT, hto JierKO mo>kho npocjieMHTb no 
pnc. 219. 


times. Depending on the valve position controlled by 
the oil pressure within the oil-pressure tank, the A 
space may be under pressure or be communicating 
with drain. 

At a low oil pressure within the oil-pressure tank, 
spring 4 holds valve 3 in its lower position and the 
space A is under pressure at this time. Due to a diffe¬ 
rence in the areas of the piston at the A and E space 
sides valve 1 closes and the oil pump feeds oil into 
the tank. 

In case pressure in the oil-pressure tank reaches the 
pre-set upper limit, the oil pressure on valve 3 end will 
be greater than the pressure exerted by the spring. 
As a result the valve moves upwards connecting the 
space A with the drain. Valve 1 moves upwards in the 
process and oil from the pump is fed to drain as long 
as the pressure in the oil-pressure tank is maintained 
above the lower limit. 

Adjustment of the valve for the pre-set pressure 
is effected with the help of screw 5. 

Non-return valves. The non-return valve is installed 
on the supply pipelines from the pump to the oil- 
pressure tank, like the by-pass valve. Oil passes freely 
from the pump to the oil-pressure tank through this 
valve but the reverse flow of oil, when the pressure in 
the pump pressure space drops, is impossible. 

Oil pressure developed by the pump opens the non¬ 
return valve when the by-pass valve closes and the 
pump supplies oil into the oil-pressure tank. The non¬ 
return valve closes when the by-pass valve is open 
and the oil pump feeds oil into the drain tank. 

One of the designs of the non-return valves is shown 
in Fig. 218. The principle of operation of this valve 
is as follows. 

With the oil pump idle or feeding oil into the drain 
tank, the spring and the oil pressure from above for¬ 
ces the valve disk against the valve seat closing the oil 
outflow into the oil-pressure tank. With the oil pump 
not feeding oil into the drain tank, that is, with the 
by-pass valve closed, the pressure under the non¬ 
return valve exceeds that within the oil-pressure tank, 
the valve disk rises and oil is supplied from the pump 
to the oil-pressure tank. 

Safety valves. The safety valve (Fig. 219) is instal¬ 
led either directly on the pump or on the section of 
supply pipeline adjacent to the oil pump. This valve 
prevents build-up of pressure in the oil-pressure tank 
over the admissible value in case the by-pass valve is 
jammed in the closed position. Besides, it prevents 
the build-up of pressure in the pump with the non¬ 
return valve jammed in the closed position, and also 
while starting the pump with the stop valve closed 
and the pump operating in the closed loop. 

The safety valve is usually adjusted so that it opens 
at a pressure 1.5 to 2.0 kgf/cm 2 in excess of the working 
pressure drop upper limit. With the normal operating 
pressure in the tank the valve is closed. 
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Pejie MaBJieHHH. PeJie MaBJieHHH npeMHa3i-iaqeHO 
MJih noAauH cooTBexcTByioiMHx HMnyjibcoB npn H3MeHe- 
HHHX MaBJieHHH B KOTJie MaCJIOHanopHOH yCTUHOBKH. Ha 
KOTJie MHY ycraHaBJiHBaiOT oSbiuho Asa OMHHaKOBbix 
pejie, HMetoiijHx pa3Hbie HacrpoiiKH. 


E. MOHTA2K MACJIOHAnOPHOfl 
yCTAHOBKH 

MacjiOHanopHyio ycraHOBKy oObiuho MOHTHpyiOT 
napajuieJibHO co BceMH mpybhmh y3JiaMH rHMpoarperaTa. 
JfjiH Havana paOoT no MOHTa>Ky MHY HeoOxoMHMbi 
roTOBbie SeTOHHbie (jjyHMaMeHTbi hjih onopHbie MeTaji- 
JIOKOHCTpyKMHH, eCJIH no npOH3BOMCTBeHHbIM cooGpa- 
HceHHHM MHY MOHTHpyiOT mo ycTpoiicTBa >Kejie 3 o 6 e- 
TOHHblX (JjyHMaMeHTOB. 

MoHTa>K MHY HanmiaeTCH c ycraHOBKH Macjio- 
cjiHBHoro 6aKa, Ha kotopom pa3MemaioT Bee MexaHH3Mbi. 
Ban ycraHaBJiHBaiOT b njiaHe TaK, htoObi oceBbie mctkh 
H a 6ane, HaHeceHHbie Ha 3aBOAe, coBnaMajin b npeMejiax 
MonycKOB c ochmh, HaHeceHHbiMH Ha (JjyHAaMeHTe. 
^jih HaHeceHHH ocen noM ycraHOBKy 6aKa Ha cjjyHAa- 
MeHTe hjih MeTajuiOKOHCTpyKitHH MCJiaiOT neTbipe cko6bi 
noM yrjioM 90° OMHa k MPyron. Hepe3 HaMeneHHbie Ha 
3THX CKoSaX oceBbie pHCKH HaTHTHBaiOT CTpyHbl, Ha 
KOTopwe no rpaHHitaM cjjyHMaMeHxa hjih MeraiuioKOH- 
CTpyKitHH noMBeuiHBaiOT OTBecbi. Ot otbccob Ha (f>yHK~ 
MaMeHTe hjih MeTajuiOKOHCTpyKitHH npoBOMHT bchomo- 
raTejibHbie och, sth och h cjiy>KaT npn MOHxa>Ke ajie- 
MeHTOB MHY hcxomhoh occboh 6a30H. 

npn ycraHOBKe MacjioflaKa no bbicothoh otmctkc 
hcxomhoh 6a30H HBJineTCH OTMeTKa penepa, HMeioiite- 


Pejie noHHH<eHHoro MaBJieHHH HacTpaHBaiOT Tan, 
hto npn CHH>KeHHH MaBJieHHH b KOTJie Ha 1,5—2 ktc/cm 2 
HHHce HH>KHero 3HaneHHH HopMajibHoro nepenaMa Ma¬ 
BJieHHH oho MaeT HMiiyjibC Ha CHraaji h BKJHoneHHe pe- 
3epBHoro Hacoca MHY . 

Pejie aBapHHHo-HH3Koro MaBJieHHH npn chhjkchhh 
MaBJieHHH b KOTJie Ha 3—4 ktc/cm 2 HH>Ke HH>KHero 
3HaneHHH HopMajibHoro nepenaMa MaBJieHHH mojihcho 
MaBaTb HMnyjibc Ha aBapHHHyio CHmajinaaMHio h 
ny CKO -OCTaHUB JIHB aiOIMHH 30JI0THHK M^ aBapHHHOH 

octuhobkh rHMpoarperaTa. IIpHMeHHeMbie b MHY pejie 
MaBJieHHH HMeiOT HeCKOJIbKO KOHCTpyKTHBHbIX HCnOJI- 
HeHHH. 


The principle of the safety valve operation is very 
simple and is illustrated by Fig. 219. 

Pressure switch. The pressure switch is intended to 
send appropriate pulses at variations of pressure within 
the oil pressure plant tank. Usually two similar pres¬ 
sure switches, differently adjusted, are installed at the 
oil pressure plant tank. 

The under-pressure switch is adjusted so that in 
case the pressure in the tank is 1.5 to 2.0 kgf/cm 2 
below the normal value, it sends a pulse for indicating 
and starting the oil pressure plant stand-by pump. 

The alarm pressure switch is adjusted so that it 
sends a pulse for an alarm signal and for actuating 
the start-stop valve to shut-down the hydropower 
unit in case the pressure in the tank is 3 to 4 kgf/cm 2 
below the normal pressure drop value. Various makes 
of pressure switches are employed in oil pressure 
plants. 


B, INSTALLATION OF OIL 
PRESSURE PLANTS 

Usually oil pressure plants are installed simul¬ 
taneously with the other assemblies of the hydro- 
power unit. Prior to starting the oil pressure plant 
installation concrete foundations are to be already 
completed, or steel supports are to be erected if con¬ 
struction work considerations require that the oil 
pressure plant be installed prior to foundations con¬ 
creting. 

The oil pressure plant installation begins with the 
installation of the oil-drain tank that mounts all the 
mechanisms. The tank is positioned against factory 
centre-line marks on the tank and on the foundation 
which must be aligned within the limits of tolerances, 
as viewed on the top. To mark the centrelines on the 
foundation or on steel supports, four stirr-ups are 
placed at right angles to each other. Through align¬ 
ment marks made on these stirr-ups strings are stretched 
and plumb bobs are suspended from these strings at 
the boundaries of foundation or steel support. Auxi¬ 
liary centre-lines are drawn on the foundation or steel 
support from these plumbs. These auxiliary centrelines 
serve as reference lines for the installation of the oil 
pressure plant components. 
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TOCH B 3A&HHH F3C HJIH Ha KaKOM-JIHSo nepeKpEITHH. 
BbicoTHoe nojioHceHHe Sana peryjinpyiOT MepHbiMH 
npoKjia^KaMH no# ero onopaMH. 3th npoKJia^KH nocjie 
BMBepKH 6ana pa3BapHBaioT MOK^y co6oh, npHBapn- 
BaiOT k BbinycnaM apMaiypbi h k 6any rjik Toro, htoSbi 
b npoqecce fleTOHHpoBaHHH uiTapflbi ycTaHOBJieHHbiii 
y3eji He cmccthjich. 

KoTeJi h Apyrae y3Jibi Ha MacjioSane MOHTHpyiOT 
nocjie Toro, nan yjio>KeHHbiH b impaflax 6eTOH HaSepeT 
npoHHoeTb He MeHee 80% ot pacueTHOK. ,11,0 ycTaHOBKH 
MacJioB03^yiHHoro KOTJia Ha 6an hcoAxoahmo TiijaTejibHO 
OHHCTHTb BHyTpeHHHe nOBepXHOCTH KOTJia H MaCJIoOaKa, 
ocoSoe BHHMaHHe oOpamtan Ha njioTHOCTb conpa>KeHHH 
cJ)jiaHqeB, conpnraeMbix ropjioBHH KOTJia h Sana. 

IlpH ycTaHOBKe HacocoB MHY h hx ajieKTpoABHra- 
Tejien cjie^yeT oflecneHHTb TOMHyio coochoctl BajiOB 
ojieKTpoABHraTejien h HacocoB. Bajibi Hy>KHo OTi^eH- 
TpHpOBaTb TaK, HT 06 bI HX OCH COBna^aJIH MOK^y co6oh 
hjih OTKJioHHJiHCB oAHa ot flpyroH He 6ojiee new Ha 
0,05 MM. 

Boo (})JiaHqeByio apMaTypy MHY CTaBHT Ha npec- 
cmnaHOBbix npoKJia^Kax, cMa3aHHbix MacjiocTOHKHM 
JiaKOM HJIH 3MaJIbIO. IlpH 3TOM AOflHBaiOTCH IIJIOTHOrO 
npHJieraHHH iuiocKocreH conpnraeMbix cjjJiaHijeB 6e3 
npoKjiaMOK, hto npn pa3MeiqeHHH npoKJia^oK h 3 ara- 
H<ne Oojitob oSecneHHBaeT TpeOyeMyio njioTHOCTb co- 
npHHCeHHH. 

PeryjrapyioT KjianaHbi h pejie ^aBJieHHH b npoijecce 
npeAnycKOBbix HcnbrraHHH. 

XtonycKH Ha ycTaHOBKy y3JioB MHY npHBeAeHbi b 
Ta6ji. 17. 


The reference basis for the installation of the oil 
tank in the vertical position is the elevation of the 
bench mark in the powerhouse or at some flooring. 
The tank elevation is adjusted by inserting shims under 
the supports. These shims are welded together after 
the tank elevation is adjusted, and welded to reinfor¬ 
cement bars and to the tank in order to prevent the 
tank displacements in the process of block-out con¬ 
creting. 

The oil-pressure tank and other units are mounted 
on the oil-drain tank after the concrete placed into 
block-outs has gained not less than 80 per cent of the 
design strength. Prior to installing the oil-pressure 
tank onto the oil-drain tank, the inside surfaces of 
both the tanks are to be thoroughly cleaned. Special 
attention should be given to the tightness of flange 
joints in mating throats of both the tanks. 

While mounting the oil pressure plant pumps and 
electric motors, the shafts of the pumps and motors 
are to be accurately aligned, permissible misalignment 
being maximum 0.05 mm. 

All the flange joints of the oil pressure plant fittings 
are to be packed with press-board gaskets coated with 
oil-resistant varnish or enamel. In the process, a tight 
contact between the matched flanges is to be attained 
while the gaskets are not yet fitted so as to provide 
for the required tightness with gaskets placed and bolts 
tightened up. 

Valves and pressure switches are adjusted in the 
process of pre-start tests. 

Tolerances for the installation of oil pressure plant 
units are given in Table 17 below. 


T a 6 ji h u a 17 


^OnyCKH HA YCTAHOBKy MACJIOCJIl^BHOrO EAKA MHY C MACJIOEi)3/tyniHI>lM KOTJTQM, 
KOJ1GHKH PEryjIHTOPA H KOMBHHATOPA 


XapaKTep otkjiohchhh 

' 

Mecxo 3ai«epOB 

AonycTHMoe OTKJIOHeHHe, mm 

CMemeHHe ot 4>aKTHnecKHx ocen arperaTa 

Ot oceii kojiohok hjih Sana MHY 

5 

HenapajuiejibHOCTb (JiaKTHuecKHM ochm arperaTa (Ha 

1 M AJIHHbl) 

Ot oahoh H3 ocen kojiohok hjih Sana MHY 

1 

OTKJIOHeHHe OT npOeKTHOH BMCOTHOH OTMCTKH 

OnopHaa o6pa6oTaHHan noBepxHOCTb 4>yn- 
jjaMenTHOH paMbi hjih 6aKa MHY 

5 

HeropH3OHrajibH0CTb (Ha 1 m ajihhm) 

B KOJiOHKe peryjiHTOpa — sepxH hh nojiKa, 

B KOJiOHKe KOMbHHaTOpa — 4>y H AaMeHTHaH 
paMa, b 6ane — onopHan noBepxHOCTb no^ 

Koreji 

1 
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Table 17 

TOLERANCES FOR INSTALLATION OF OIL PRESSURE PLANT OIL-DRAIN TANK 
WITH OIL-PRESSURE TANK, SPEED GOVERNOR POST AND COMBI NATO R 


Deviation 

Point of measurement 

Admissible deviation, mm 

Displacement from actual centre-lines of hydropower 

From center-lines of posts or oil-pressure 


unit 

i 

Parallel misalignment with respect to actual center- 

tank 

5 

From one of control post or oil-pressure 


lines of hydropower unit (per 1 m of length) 

tank center-lines 

1 

Deviation from design elevation 

Machined supporting surface of foundation 



frame or oil-drain tank 

5 

Inclination (per 1 m of length) 

In upper shelf of speed governor post; 
foundation frame in combinator column; 
in oil-drain tank (support surface for oil- 



pressure tank) 

1 


7-4, KOJIOHKH yilPABJlEllMH 7-4, CONTROL POSTS 

A. KOHCTFYKIJHfl II HA3HAHEHXIE A. MECHANICAL DESIGN AND PURPOSE 


Kojiohkh ynpaBJieHHH npeACTaBjinioT co6oh cBapHOH 
HJIH JIHTOH Kopnyc oflbIHHO npHMoyrojibHoro CeueHHH. 
BHyTpn 3Toro Kopnyca pa3MeujeHbi MexaHH3Mbi pyuHoro 
h aBTOMaTHuecKoro ynpaBJieHHH rH/jpoTypSHHon. 

Ha CTp OHTeJIbCTBO KOJIOHKH nOCTaBJIHIOT b coftpaii- 
hom bhac h xopomeii ynaKOBKe. Bee MexaHH3Mbi kojioh¬ 
kh peryjinpyiOT h HcnbiTbiBaiOT Ha cneimajibHOM creHAe 
3aBOAa-H3rOTOBHTeJIH. npH MOHTa>Ke TOJIbKO OHHiqaiOT 
y3JIbI H fleTaJIH OT KOHCepBHpyiOIUHX nOKpbITHH H 
npoBepHioT, HeT jih Ha hhx 3a6oHH, Koppo3HH, 3ayceH- 
Ae b h t . r . 

B 3aBHCHMO CTH OT KOHCTpyKIJHH peryJIHTOpbl HMeiOT 
pa3JiHHHbie BapnaHTbi komhohobok h hchojihchhh Me- 
xaHH3MOB. TaK, HanpHMep, b oahhx KOHcrpyKi^HHx 
peryjiHTopoB rjiaBHbiii 3 ojiothhk pa3Mem;eH HenocpeA- 
CTBeHuo b KOJiOHKe, a b APyrnx — OTAejibHo ot Hee. 

Y 3JieKTporHApaBJiHuecKHX peryjiHTopoB, KpOMe 
oflbIHHOH KOJIOHKH, B KOTOpOH pa3MeiAaiOTCfl BblHBH- 
TejibHbie ajieMeHTbi peryjiHTopa c rn apOM exaHHHecKHMH 
ycTpoiicTBaMH, ycTaHaB jihb aiOT HiKacJ) c sjieKTpHuecKH- 
mh ycTpoiicTBaMH, AonojiHHiomHMH cxeMy peryjinpo- 
BaHHH. 


A control posts is, essentially, a welded or cast 
housing, usually rectangular in cross-section, accom¬ 
modating manual and automatic control mechanisms 
of the hydraulic turbine. 

Control posts are delivered to the construction site 
assembled and well packed. All the mechanisms of 
the control post are adjusted and tested on a special 
stand by the Manufacturer. In the process of installa¬ 
tion it is only required to clean the units and parts 
from anti-corrosion coating and to check the parts 
for nicks, burrs and corrosion. 

The arrangement and make of mechanisms depend 
on the governor design. For instance, the main slide 
valve of same speed governors is arranged immediately 
in the post and in other governors it is located sepa¬ 
rately. 

When electric hydraulic speed governors are em¬ 
ployed, in addition to a usual control post accomo¬ 
dating the detecting elements of the governor and hydro¬ 
mechanical devices a post with electrical devices com¬ 
plementing the governor circuit is installed. 


E. MOHTAHt KOJIOHKH 
yriPABJIEHHJI 

KojiOHKy ynpaBJieHHH cnpenjiniOT flojrraMH c 6eTOH- 
hbim ocHOBaHHeM uepe3 <J)yHAaMeHTHyio paMy, KOTopyio 
CTaBHT b npeAycMOTpeHHyio ajih Hee uiTpaSy b nepe- 
KpbiTHH MauiHHHoro 3ajia. 


IL INST ALLATION 
OF CONTROL POST 

The control post is bolted to the concrete founda¬ 
tion through a foundation frame which is placed in a 
block-out made in the turbine room floor. 
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BbiBepKy kojiohkh no ochm h bbicothoh oTMeTKe 
BbinojiHHiOT TeM >Ke cnocoGoM, hto npH MOHiance Mac- 
jioGana MHY . ^onycKH Ha ycraHOBKy kojiohkh npH- 
BCAeHbi b TaGji. 17 . 

PaMy kojiohkh 3 KaK h Bee APyrne 3 aKJiaAHbie nacTH 
THApoarperaTa, nepeA CAaneii noA 3 ajiHBKy Gctohom 
H aAe>KH 0 pacnpenjiHiOT b niTpa 6 e h pa 3 BapHBaioT k 
B binycnaM apMaTypbi. Mecrra, conpnraeMbie c Gctohom, 
TmaxejibHo OHHmaiOT ot KpacKH h He(f)TenpOAyKTOB. 
Ilocjie Toro KaK impaGHOH GeTOH HaGepeT 80% npo- 
eKTHOH npOHHOCTH, npOH 3 BOAHT peBH 3 HK) MexaHH 3 M 0 B 
kojiohkh ynpaBJieHHH h npHcoeAHHHKyr CHCTeMy nepe- 
Aan oSpaTHOH cbh 3 h. npH stom c noBepxHOCTH neTajieii 
h y 3 Ji 0 B yAaJiniOT KOHcepBHpyioiAHe noKpbiTHH, npo- 
HHiAaioT Bee KaHajibi h ocMaTpHBaiOT Bee act^jih, htoGbi 
bbihchhtb, HeT jih 3 aGoHH, 3 ayceHijeB H cjicaob pncaB- 
HHHbi. 06 Hapy>KeHHbie Ha A^Tajinx h y 3 Jiax A^(})eKTbi 
cpa 3 y >Ke yerpaHmoT. 

Bee 3 th paOoTbi cjieAyer BbinojiHHTt b xopoino 3 a- 
iAHiiieHHOM ot ocaAKOB h nbuiH noMemeHHH npH nojio- 
>KHTejibHOH TeMnepaType. Jfjm 3 Toro HaA kojiohkoh 
ynpaBJieHHH h MHY oGbiuno ycTpanBaiOT rnaTep H 3 
Aocok, KOTOpbiii o 6 opyAyK)T ? coGjiioash npaBHJia no- 
HcapHOH 6 e 3 onacHOCTH 3 3 JieKTpnnecKHMH hjih ApyrHMH 
HarpeBaTejitHbiMH 3 jieMeHxaMH. 

7-5, MACJIOIIPHEMHHICH 

A. KOHCTPyKI^HH H HA3HAHEHME 

MacjionpneMHHK, KOTopbiM oGopyAOBaHa noBopoT- 
HOJionacTHaH rHApOTypGmia, pa 3 MemeH, KaK npaBHJio, 
Ha Kopnyce cTaTOpa BOsGyAHTejw rHAporeHepaTOpa. 
B HeKOTOpbIX HHOCTpaHHbIX KOHCTpyKIJHHX THApOTyp- 
Ghh (c cepBOMOTopoM paGonero KOJieca bo (fmaHiteBOM 
coeAHHeHHH BajiOB) MacjionpueMHHK pa 3 MemeH BOKpyr 
3 Toro (JjjiaHijeBoro coeAHHeHHH. 

MacjionpneMHHK rHApOTypGHHbi JIM3 Ha Kopnyce 
CTaTOpa B03AyAHTeJiH rHAporeHepaTOpa (pnc. 220) co- 

CTOHT H 3 JIHTOrO OCHOBaHHH 1 , MaCJIOOTpa>KaTeJIH 4> 
KOpnyca 5, GyKCbi 6, niTaHr 2, Hapy>KHOH h BHyTpeH- 
Hen, h nuiHAeBoro BajiHKa 7. 

MacjionpHeMHHK coeAHHeH AsyMH HHTKaMH Hanop- 
Horo TpyOonpoBOAa c pacnpeAeJiHTeJiBHbiM 30 Jiothhkom 
paGonero KOJieca; stot 30 Jiothhk HaxoAHTCH b kojiohkC 
KOMSnHaTopa hjih HenocpeACTBeHHO b KOJiOHKe ynpa¬ 
BJieHHH. 

Hepe 3 Tpy 6 onpoBOAi>i h cooTBeTCTByioiAHe nojiocTH 
uiTaHTH paGonero KOJieca 3 MacJio noA a^bjichhcm 
H anpaBJiHeTCH b Ty hjih HHyio nojiocTb AHJiHHApa cepBO- 
MOTopa paOonero KOJieca. npH stom yroji pa 3 BopoTa 
jionacxeH paGonero KOJieca H 3 MeHHeTCH b cooTBeTCTBHH 
c 3 aA&HH 0 H ajih AaiiHoro Hanopa h Harpy 3 KH KOMGima- 
TOpHOH 3 aBHCHM 0 CTbK). 

OcHOBaHHe MacjionpneMHHKa npeACTaBJineT coGoh 
B aHHy s b kotopoh coGnpaiOTCH npOTenKH Macjia nepe 3 
3 a 30 pbi bo BTyjiKax MacjionpneMHHKa h cepBOMOTOpa 
paGonero KOJieca. H 3 BaHHbi MacJio nocTynaeT nepe 3 
cjiHBHyio TpyGy b cjihbhoh GaK MHY . 


The horizontal and vertical alignment of the post 
is made similarly to these operations at oil-drain 
tank installation. Tolerances for the control cabinet 
installation are gives in Table 17. 

Prior to concrete placing the control cabinet frame 
(like other embedded parts of the hydropower unit) 
is reliably secured in the block-out and welded to 
protruding reinforcement bars. Surfaces to be in con¬ 
tact with concrete are thoroughly cleaned from paint 
and oil products. After the block-out fill concrete 
gains 80 per cent of the design strength the control 
cabinet mechanisms are inspected and the feedback 
linkage is connected to them. In the process, anti¬ 
corrosion coating is removed from the units and parts, 
all the ducts are cleaned and all the parts are inspected 
to reveal nicks, burrs, and rust. All faults revealed 
on the units and parts are to be instantly corrected. 

All these operations should be carried out indoors, 
at positive temperatures. The room should be adequa¬ 
tely protected against precipitation and dust. To this 
end, a tent is usually made over the oil pressure plant 
and the control post. The tent is equipped with electric 
or any other type of heating facility, with fire safety 
rules observed. 

7-5. OIL HEADERS 

A. MECHANICAL DESIGN AND PURPOSE 

The oil headers of adjustable-blade turbines are 
arranged as a rule, on the generator exciter frame. 
In some foreign makes of hydraulic turbines having 
the runner servomotor installed in the flange joint 
of the shafts the oil headers is arranged around this 
flange connection. 

The oil header of turbines manufactured by the 
Leningrad Metal Works that is arranged on the gene¬ 
rator exciter stator frame (Fig. 220) comprises cast 
support 7, oil deflector 4 , housing 5, stuffing box d, 
rods 2 (inside and outside ones) and splined spindle 7. 

Two supply pipelines connect the oil header with 
the runner distributing slide valve. This slide valve 
is located in the combinator post or immediately in 
the control post. 

Oil is fed under pressure through pipes and appro¬ 
priate spaces in runner 3 operating rod into one or 
another space of the runner servomotor cylinder. In 
the process, the angle of the runner blade setting 
varies in accordance with the combinator relationship 
specified for the given head and load. 

The oil header support is a bath accummulating 
oil leaking through gaps in the oil header and runner 
servomotor stuffing boxes. From this bath oil is drai¬ 
ned via a pipe into the oil pressure plant drain tank. 

In the earliest Soviet-made turbines the runner 
servomotor slide valve was arranged directly in the 



B HanGojiee puhhhx oxeuecTBeiiHbix KOHCTpyKijHHx 
3 ojiothhk cepBOMOTOpa paGonero KOJieca Gbiji pa 3 Me- 
men HenocpeACTBeHHO b Kopnyce MacjionpneMHHKa, a 
b HHocTpaHHbix — bo BTyjiKe paGonero KOJieca. B 
3apyGe>Ki-ibix KoncTpyicAHHx THApoTypGHH no chx nop 
HaxoAHT npHMeHeHHe MacjionpHeMHHKH, Ha KOTopbix 
pa3MeiqaeTCH kjihh KOMGHHaTopa, noneMy hx HHorna 
Ha3bIBaiOT KOJIOHKaMH KOMGnHaTopa. 

E. MOHTAMC MACJIOIIPHEMHHKA 


Tan Kan 3 a 3 op mokay nrraHroH MacjionpneMHHKa h 
G poH 30 BOH BTyjiKOH b ero Kopnyce aojbkcii 6 bm> 

MaJIbIM (HeCKOJIBKO COTbIX MHJIJIHMeTpa), K COOCHOCTH 
BTyjioK h niTaHr npn MOHTa>Ke MacJionpneMHHKOB npe- 
A'bHBjiHiOTCH noBbimeHHbie TpeGoBaHHH. Kopnyc Mac- 
jionpneMHHKa cjienyeT ycraHOBHTb TaK, nxoGbi hhjkhhh 
onopHbiii (jjjiaHen OCHOBaHHH MacjionpneMHHKa 6 bui 
rOpH 30 HTaJIBHbIM HJIH OTKJIOHHJICH OT TOpH 30 HTaJIH He 
Gojiee neM Ha 0,05 mm Ha 1 m ero A^aMeTpa. IIpH stom 
nojio>Kemie BTyjiKH othochtcjilho niTaur aojijkho oGec- 
neuHBaTb npaKTHnecKH paBHbie no oGohm B 3 aHMH 0 
nepneHAHKyjiHpHbiM ceneHHHM 3 a 3 opbi mokay BTyjiKOH 
h niTaHroH. HeBbinojiHeHne sthx ycjiOBHH yxynmaeT 
paGoTy nsyx TpymnxcH nap, cnocoGcTByn oGpa 30 BaHHio 
3 aAHpOB Ha COnpHJKeHHHX. 

BbicoKHe TpeGoBaHHH npen t>hbjihiotch h k cooc- 
hocth KOJibneBbix rpeGeHOK MacjiooTpa>KaTejiH h aHa- 
JiornnHbix rpeGeHOK Ha Kopnyce MacjionpneMHHKa. 
Coochoctb rpeGeHOK noJi>KHa oGecnenHBaTb HepaBHOMep- 


oil header housing, in the earliest foreign turbines 
is was located in the runner hub. In hydraulic turbines 
of foreign make up to now use is often made of oil 
headers mounting the combinator cam and for this 
reason these oil headers are sometimes termed combi¬ 
nator posts. 

B. OIL HEADER INSTALLATION 

Since the clearance between the oil header rod 
and the bronze bush in its housing is to be small (some 
hundredths of a millimeter) stringent requirements 
are imposed on the coaxiality of bushes and rods in 
the process of oil header assembling. The oil header 
housing is to be installed so that its bottom support 
flange is horizontal or the degree of inclination is 
not in excess of 0.05 mm per one meter of its dia¬ 
meter. With the levelled support the position of the 
bush in respect to the rods shall provide for practically 
equal clearances between the bush and the rod on the 
ends of two mutually normal diameters. If this condi¬ 
tion is not complied with, the work of the friction 
pairs surfaces will be impaired promoting the for¬ 
mation of scores at the joints. 

Stringent requirements are also imposed on the 
coaxiality of ring rakes of the oil deflector and of 
similar rakes on the oil header. Coaxiality of rakes 
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hoctb b 3a3opax He 6ojiE>me 0,15 mm. IIpeBbimeHHe 
3T0H BeJIHHHHBI MOJKeT npHBCCTH K BHOpaiJHHM MaCJIO- 
npneMHHKa h 3a^eBaHHHM noABH>KHbix rpeSeHOK o 
Heno,qBH>KHbie. 

BbinOJIHeHHH MOHTa>KHbIX pafiOT B COOTBeTCT- 
BHH C H3JIOHCCHHBIMH Tp e60B 3HHHMH peKOMeHAyexcn 
coSjnoMaTb cjie^yiomHe ycjioBHH. 

IlepeA ycTaiiOBKoil MacjionpneMHHKa Ha Kopnyc 
B036yAHTejia Ha MOHTa>KHOH njiomaAKe hcoSxoahmo 
B binoJiHHTb kohtp oJibHy k> c6opKy ero y3JiOB. ,H,jih 3Toro 
Ha MOHTa>KHOH njiHTe Ha^o ycTaHOBHjb MepHbie TyMdbi, 
Ha KOTOpbie CTporo no ypOBHio BbiCTaBHTb ocHOBaHne 
Kopnyca. Ha rpe6eHKH ocHOBaHHH ycTaHaBJiHBaiOT TpH- 
nexbipe MepHbie njiacTHHKH Bbicoxoii, paBHOH topaobo- 
My npoeKXHOMy 3aBopy mokay Heno^BH>KHOH h iioa- 
bhhchoh rpeSeHKaMH. 3axeM Ha HenoABHnmyio rpeOeHKy 
cxaBHX MacjiooTpancaxejib, qeHTpHpyiOT ero no kojib- 
i^eBbiM 3a3opaM h cHHMaiox (JjopMyjiap othx 3a3opoB no 
nexbipeM paBHOMepHo pacnojioKeiiiibiM no onpy>K- 
HOCTH XOHKaM. 

BbicoTHoe noJio>Kerme Macjiooxpa>KaxejiH othoch- 
TeJibHo neno^BH>KHOH rpeOeHKH (|)HKCHpyiOT pncKaMH. 

Ilocjie axoro Ha ocHOBaHHH MOHxnpyiox Kopnyc 
m ac ji onp h eMHn k a BMecTe c Oyncon h ero mxaHron. 
tteHxpHpoBaHHe Kopnyca oxhochxcjibho ocHOBaHHH 
np0H3B0^HT no nenTpnpyiomeMy 6ypTHKy Ha Macjiooxpa- 
>i<axejie h Hapy>KH0H uixaHre MacjiooxpancaxejiH. IIpH- 
i^eHxpHpoBaHHbiH k ocHOBaHHio Kopnyc MacJionpneM- 
HHKa nrratpTyiOT h pa36npaiox y3eji rjik ycxaHOBKH ero 
Ha nocxoHHHoe Mecxo. 

,HexajiH y3Jia MacjionpHeMHHKa MOHxnpyiox b xaKOH 
nocjleAOBaTeJiBHocTH. OcHOBaHne Kopnyca MacjionpneM- 
HHKa cxaBHX Ha Kopnyc B036yAHTejiH no oceBbiM Mex- 
KaM. Me>KAy hx conpHraiomHMHCH (jjJiamjaMH ajih 3a- 
iqHThl OX nOfllHHnHHKOBblX XOKOB npOKJia^blBaiOX H30- 
jiHAHOHHyio AByxcjionriyio npOKJiaAKy, nepeKpbiBan 
cxbikh o6ohx cjioeB. B oxBepcTHH ajih KpenjieHHH 6oji- 
tob saBo^HT H30JiHijH0HHbie BxyjiKH, a no a rOJIOBKH 
Oojixob noAKJia^biBaiOT MeTajumnecKHe h h30jihahoh- 
Hbie manObi. 3axeM ycxaHaBJiHBaiox Macjiooxpa>KaxejiB 
Ha noAexaBKy Bajia, i^eHxpnpyn ero no nocaAOHHOMy 
OypTHKy. OcHOBaHHe qeiiTpupyiOT k MacjiooxpancaxejiK) 
no CAejiaHHOMy npn kohtpojibhoh c6opi<e 4>opMyjinpy. 
BbicoxHoe nojioHceHne ero KOHxpojinpyiox no HaHeceH- 
HbiM paHee pHCKaM, a ropn30HxajiBHOCXB — no ypoBHio. 

IIIxaHry MacjionpneMHHKa ycxaHaBJiHBaiox no nen- 
TpHpyiomeMy OypTHKy, oOecnenHBan oxcyTCXBHe 3a6oHH 
h 3ayceHAeB Ha (JjjiaHAax conpH>i<eiiHH nixaHra c HaA- 
cxaBKon Bajia. 

Kopnyc MacjionpneMHHKa c 3aKpenjieHHOH b HeM 
SyKCOH, HanpaBJiHH no Hapy>KHOH uixaHre MacjionpHeM¬ 
HHKa, cxaBHX Ha noAoraaHHbie npn npeABapnxejiBHOH 
cSopKe IHTH(f)XbI. 

HxoSbi H36e>KaxB 3aAnpoB b 6poH30BOH BxyjiKe 
bo Bp eMH onycKaHHH Kopnyca Ha ocHOBaHHe, 3acxponKy 
Kopnyca k raKy KpaHa A^Jiaiox xaK, nxo6bi ero BepxHHH 
xoneHan njiocKocxb, npoKOHxpojiHpoBaHHan ypoBHeM, 
SbiJia cxporo ropH30HxajiBHOH. 


should ensure the difference in clearances not in excess 
of 0.15 mm. Excess in this difference may result in 
vibrations of the oil header and in brushing of the 
moving rakes against the stationary ones. 

It is recommended to follow the below-stated con¬ 
ditions of installation operations. 

Prior to installing the oil header into the exciter 
stator frame, its units are to be assembled on the 
assembly floor for a check-up. To do this, measuring 
supports are to be installed on the assembly plate and 
the housing support is to be placed and levelled thereon. 
Three or four adjusting shims are placed onto the sup¬ 
port rakes. The thickness of shims is to be equal to 
the specified clearance between the moving and sta¬ 
tionary rakes. Then the oil deflector is placed on the 
stationary rake and aligned in respect to the annular 
clearance. Then the record sheet of these clearances is 
drawn up and, the clearances measured at the ends 
of two mutually normal diameters. 

The elevation of the oil deflector in respect to the 
stationary rake is marked with notches. 

This being completed, the oil header housing, 
together with the stuffing box and rod, is to be moun¬ 
ted on the support. The housing is centred in respect 
to the support with the help of a pilot fillet on the oil 
deflector and the oil deflector outer rod. The oil header 
centred in respect to the support is fixed by pins and the 
unit is dismounted to be then installed into its per¬ 
manent position. 

The parts of the oil header are to be assembled in 
the following order. The support of the oil header 
housing is placed on the exciter stator frame against 
centre-line marks. A two-layer insulating gasket is 
placed between the mating flanges for protection 
against bearing currents. The joints in both insulating 
layers are to be overlapping. Insulating sleeves are 
to be inserted into bolt holes and steel and insulating 
washers placed under the bolt heads. Then the oil 
deflector is installed on the shaft support and centred 
against the pilot fillet. The support is centred in respect 
to the oil deflector on the basis of the record sheet 
compiled during the check-up assembly. The elevation 
of the support is controlled with the help of marks 
made earlier, the levelling is checked with the help 
of a level. 

The oil header rod is installed against the pilot 
fillet. Nicks and burrs on the mating flanges of the 
rod and shaft extension are to be eliminated. 

The oil header housing accommodating the stuffing 
box is placed onto pins fitted in the process of check-up 
assembly. The housing is guided in this process on the 
outer rod of the oil header. 

In order to avoid formation of nicks in the bronze 
bush when placing the housing onto the support the 
housing should be slinged on the crane hook so that 
its upper machined surface aligned with the help of 
level is strictly horizontal. 
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7-6. 3AIIOJIMEHME CHCTEMbI 
PEryJIHPOBAOHH MACJIOM 

Cpa 3 y H<e nocjie oKomamm MOHTanca Bcex y 3 JioB 
HeodxoAHMO CHanajia xmaTejiBHO ohhcthxb h ocMOxpexB 
Bee MaaioeMKOcxH h TpyflonpoBOABi chctcmbi peryjin- 
poBaHHH h ee KHHeMaxHKy h 3 axeM 3 anoJiHHXB hx MacJioM. 
Macjio aoji>kho yAOBJiexBOpHXB np eA bhb jihcmbim k 
H eMy xpefloBaHHHM. IIoaxoMy npo 6 w mm aHaJiH 3 a Macjia 
6epyx ao h nocjie 3 anoJiHeHHH chctcmbi, a TaKnce He- 
nocpeACTBeHHo nepeA nocTaHOBKoii rHApoarperaTa Ha 
odopOTBI. ripH odHapyHCeHHH 3 arpH 3 HeHHH HJIH BJiaTH, 
o 6 pa 3 yioiAeHCH b fiojiBUiHHCTBe cjiynaeB 3 a chct koh- 
AeHcaTOB, Macjio omimaiOT h cymaT, HeoAHOKpaTHO 
nporoHHH nepe3 <|)HJi£Tp-npecc h AempH^yry, pa 6 o- 
Taiomne no 3 aMKHyTOMy ijHKJiy. 

CncTeMa 3 anojiHHeTCH MacJioM no cneipiajiBHBiM 
MacjionpoBOAaM, noABeAOHHBiM k MHY H3 Macjioxo- 
3HHCTBa T3C, HJIH HenOCpeACTBeHHO H3 AHCXepHBI HJIH 
Apyroii eMKOCTH. BHauajie Macjio HajiHBaeTCH b cjihbhoh 
6a k MHY a o caMoS BepxHen otmcthh Ha yKa3aTeJie 
ypoBHH, a noTOM ynce H3 6aKa Hacocbi MHY nepeKanH- 
BaioT ero b MacjiOHanopHBiH kotcji, C03AaBaa TaM 
onpeAeJieHHoe A^BJieHne. Ilocne Toro KaK MacjioSaK 
6yAeT 3anojiHeH, Hacoc nepe3 npofiny b Kopnyce 3anoji- 
hhiot MacJioM h nycKaiOT Ha xojiocTyio padoTy, npH 
KOTopon oh b TeneHHe HecKOJiBKHx MHHyT nepe3 otkpbi- 
tbih nepenycKHOH KJianaH nepeKauHBaeT Macjio odpaTHO 
b cjihbhoh 6aK. 

yfieAHBiiiHCb b HOpMaJibHOH paSoTe Hacoca h abh- 
raTejm, octopo>kho onycKaioT nopmeHb nepenycKHoro 
KJianaHa, nepeBOAn padoTy Hacoca Ha kotcji MHY . 
Macjio HaKanHBaeTCH b kotcji ao hojiobhhbi MacjioyKa- 
3aTejiH Ha KOTJie, hto cootb eTCTByeT npHMepHo 40% 
ero odBeMa. 3aTeM npoH3BOAHT 10-MHHyTHoe rHApaBjm- 
necKoe ncnbiTaHHe KOTJia h ycTaHOBJieHHOH Ha HeM ap- 
MaiypBi noBbimeHHBiM AaBJieHHeM, paBHBiM 1,25 pa- 
6onero. ^jih sxoro kotcji octopo>kho 3anojiHHioT Mac- 
jiom ot Hacoca MHY npn otkpbitoh b HeM BepxHen 
npoSne, nepe3 KOTopyio bbixoaht B03Ayx. Ilpn oxcyT- 
CTBHH npobKH B03AyX H3 BepXHeH nOJIOCTH KOTJia 
BbinycKaiOT nepe3 cneitnajibHyio Tpy6i<y c 3arHyTBiM 
kohaom. TpydKa 3aKpenjieHa k KOTJiy TaK, hto oahh 
KOH eii ee bbibcach b axMoccJjepy, a Apyrofi noAxoAHT 
6 jih3ko (Ha 5—10 mm) k BepxHen C(J)epe BHyTpeHHeii 
nacTH KOTJia. 

BbinycTHB B03Ayx H3 KOTJia, BepxHee OTBepcTHe b 
HeM 3 aKpBiBaioT, a npn HajiHHHH TpySKH 3arjiymaiOT ee 
KOHeit, bbib e achhbih b aTMOccjjepy. 3aTeM pynHBiM 
rHAponpeccoM noAHHMaiOT b KOTJie MHY AaBJieHHe, 
noAAepncHBaH ero b TeneHHe 10 mhh. Ilocjie axoro Aa b- 
BJieHne CHH>naioT ao pa6onero h rataTejibHO ocMaTpn- 
BaiOT KOTCJI. OKOHHHB OCMOTp, AaBJieHHe CHHHCaiOT ao 
H yjiH h Macjio cnycKaioT b cjihbhoh 6an MHY . 

3aTeM MacjioHanopHyio ycTaHOBKy HacrpanBaiOT Ha 
noAAopncaHHe noHH>KeHHoro AaBJieHHH (oObihho 6— 


7-6. FILLING THE SPEED GOVERNING 
SYSTEM WITH OIL 

As soon as all the units are assembled and installed, 
all the oil containers and pipelines of the speed govern¬ 
ing system should be first cleaned and examined, and 
then filled with oil. Oil shall meet all the requirements 
imposed on oil for speed governing system. Because 
of this oil samples are taken for analysis prior to 
filling the system and after filling and just prior to the 
first start of the unit. In case impurities or moisture 
caused in most cases by water condensation are found, 
the oil is to be conditioned and dried by repeatedly 
passing it through a pressure filter and centrifuge 
operating in a closed cycle. 

The system is filled with oil through special oil 
pipelines, brought to the oil pressure plant from the 
hydroelectric power plant oil facilities or directly from 
a tank car or any other container. First oil is poured 
into the oil drain tank of the oil pressure plant up to 
the highest mark on the level indicator and then it is 
pumped from the drain tank into the oil-pressure 
tank creating the required pressure in this tank. After 
filling the oil-pressure tank the pump is primed with 
oil through a hole in the pump housing and started 
at no load. With the pump running idle oil is pumped 
back into the drain tank through the open by-pass 
valve in the course of few minutes. 

On making sure that the pump and the motor ope¬ 
rate normally, the by-pass valve disk is lowered with 
caution directing thus the pumped oil into the oil- 
pressure pump. Oil is pumped into the oil-pressure 
pump until it reaches half the oil level indicator height; 
this corresponds to about 40 per cent of the tank 
storage capacity. Then the tank and the fitting on the 
tank are tested for 10 minutes at a hydraulic pressure 
1.25 of the rated pressure. To this end, the tank is ca¬ 
refully filled with oil from the oil pressure plant pump, 
with the upper plug being removed from the tank 
to provide for air release. In case no plug is provided 
in the tank, air is released from the tank upper space 
through a special pipe with a bent end. The pipe is 
mounted on the tank so that its one end is open to 
the atmosphere and the other end is 5 to 10 mm near 
the upper sphere of the inner space of the tank. 

On escape of air from the tank the upper hole 
in the tank is closed and in case the air release pipe 
is provided its end open to the atmosphere is plugged. 
Then with the help of a hand-driven hydraulic pump 
the pressure in the oil-pressure tank is raised and 
maintained for 10 minutes. Then the pressure in the 
tank is reduced to the working value and the tank is 
examined carefully. Upon completion of examination 
the pressure is reduced to zero and oil is drained into 
the oil drain tank. 

Then the oil pressure plant is adjusted to maintain 
reduced pressure (usually from 6 to 10 kgf/cm 2 ) suf- 
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10 Krc/cM 2 ), AOCTaTouHoro rjik npeABapHTenBHbix Ha- 
Jia^oMHbix pa 6 oT no cncTeMe peryjinpoBaHHH npn He 3 a- 
TonjieHHon cnnpajibiioH KaMepe. 

3ariojiH>iTf> cncTeMy MacjiOM h npoAOJincaTB ee koibi- 
TaHne cjieAyeT BecBMa octopo>kho, He AonycKan Haxo>i<- 
AeHHH Koro-jinOo Ha MacjionpneMHHKe, paOoneM KOJiece, 
B cnHpajitiioH KaMepe h Ha RptmiKe ruApoTypdHHbi. 
PeryjiHTop nepeBOflHT Ha pymioe ynpaBJieHHe, a npn 
OTcyxcxBHH ero orpaHHHHTejib otkpbithh iioaboaht b 
K paiiHee nojio>KeHHe „3aKpi>rro cc . KpoMe xoro, Macjio 
AOJi>kho Me^jieHHo 3anojiHHTh cncTeMy; oxo hckjhohht 
B 03M0>KH0CTB 06pa30BaHHH B HeH B03^yHIHbIX MeiHKOB, 
KOTopbie cnocoOcTByioT xojiHKaM h y^apaivi. 

3anojiHeHHH cncxeMbi nepBOHanajiLHo oxKpbi- 
BaiOT bchthah, noAaiomHe Macjio no a a^bjichhcm b 
KOJ ioHKy peryjiHxop a h k 6jiokhpobohhbim 30jiothhk 3M 
cxeMbi ynpaBJieHHH. IIpH stom Hanopnbie ra^poKjia- 
naHbi h 3aABH>KKH c pynHbiM npHBOAOM Ha xpeSonpo- 
Bo^ax, HAyiqnx k rjiaBHbiM 30JioxHHKaM, 3aKpbixbi. 

JttfH BbITeCHeHHH B03^yxa H3 CHCXeMbI rHApogjIOKH- 
Pobkh ^eHCXBHe ee MexaHH3MOB MHoroKpaTHo onpo6yiox 
no hmhxhpob aHHoii cxeMe. 3axeM npn oxKpbixbix niApo- 
KjianaHax OTKpbiBaiOT Ha HedojiBinyio BejiHmmy (ABa- 
xpn o6opoxa uiTypBajia) 3a^BH>KKH c pyuHBiM npHBO- 
Aom, KOTopbie ycTaHOBJieHbi Ha HanopHbix Macnonpo- 
Bo^ax, HAymnx k rjiaBHbiM 30JioxHHKaM chctcmbi pery- 
jinpoBaHHH. 

IIoHBJieHHe Ha MaHOMeipax, noAKJHOueHHBix k raaB- 
hbim 30Ji0THHKaM, ^aBJieHHH, paBHoro AaBJieHHio b 
K oxjie MHY , CBHAeTejibCTByex o tom, hto cncxeMa Mac- 
jiom 3anojiHeHa. Tor^a HanopHbie 3aABH>KKH nepeA 
rjiaBHbiMH 30JioxHHKaMH oxKpbiBaiOT nojiHocxbio h npn- 
cxynaiox k npoBepne cncxeMbi peryjinpoBaHHH npH cy- 
xoh cnnpajibHOH KaMepe. 

Bo3^yx H3 cncxeMbi BbinycKaiox MHoroKpaxHbiM 
nepeMemeHneM nopumeH cepBOMOxopoB b hx KpafiHHe 
nOJIO>KeHHH. 


ficient for preliminary adjusting operations on the speed 
governing system with the scroll case empty. 

Filling the system with oil and continuation of 
testing are to be performed most carefully. Presence 
of anybody on the oil header, runner and turbine 
headcover is prohibited during the tests. The speed 
governor is switched over to manual control and in 
case no manual control is provided the wicket gate 
opening limiter is set into the end position “Closed ; \ 
Besides, oil should fill the system slowly to eliminate 
formation of air pockets as they are conductive to 
shocks and surges. 

To fill the system, first the valves supplying oil 
under pressure into the speed governor control post 
and to locking slide valves of the control circuit are 
to be opened. In the process, the supply hydraulic 
valves and hand-operated slide valves on pipelines 
running to the main valves are to be closed. 

To expel air from the hydraulic locking system 
functioning of the system mechanisms is repeatedly 
tested on the simulating circuit. Then, with the hydraulic 
valves open, the hand-operated valves fitted on the oil 
supply pipelines running to the main slide valves of 
the governing system are to be slightly opened (at 
two or three revolutions of the handwheel). 

As soon as the pressure gauges connected to the 
main slide valves read a pressure equal to that within 
the oil-pressure tank, the system is known to be filled 
with oil. Thereupon, the supply valves at the main 
slide valves are to be fully opened and the system 
is to be tested with the scroll case empty. 

Air is do be released from the system by repeatedly 
moving the servomotor pistons from one extreme 
position to the other. 


o nyCKOBblE HCnWTAHHfl OMPOArPErATOB 
PRE-OPERATIONAL TESTS OF 
HYDROPOWER UNITS 


8-1. OBIU[HE 3AME*lAHHJI O 8-1. GENERAL 

nycKOBtix ecntiTAHHflx 


Ka>K£biH CMOHTHpOBaHHbiii rHApoarperaT nepeA bbo- 
Aom ero b npoMBiuuieHHyio SKcnjiyaxanmo ^ojihcch 
6bixb BcecxopoHHe ocMoxpeH h HcnbixaH no cnei^najib- 
hoh nporpaMMe. 3xa nporpaMMa BKjnouaex b cebn cjie- 
Ayiomne nexbipe ijmcna pa6ox: 1) ocMoxp h nposepKy 
AeHCXBHH OTfleJIBHblX y3JIOB H AiexaHH3MOB £0 3anOJIHe- 


Each erected hydropower unit is to be subjected 
to comprehensive inspection and tests in conformity 
to a special program prior to putting it into com¬ 
mercial operation. The program comprises the follow¬ 
ing four cycles: ( 1 ) examination and check-up of 
individual units and mechanisms for serviceability 
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hhh boaoh BOflonpoBOflHmero h BOAOOTBOAHiijero 
xpaKTOB 3 2) ocMoxp h npOBepKy achctbhh ox^ejiLHbix 
y 3 JioB h MexaHH3M0B npn 3anojmeHHbix boaoh oxca- 
cbiBaiomen xpy 6 e h cnnpajiBHOH KaMepe; 3) nycK 
rHAPoarperaxa h ncnbixaHHe ero Ha xojiocxom xoAy h 
nocne ocxaHOBKH; 4) Harpy3omibie HcnbiTaHHH rnApo- 
arperaxa. 

Bojiee nojiHbie ncnbixamra ranpoarperaxoB, Ha- 
npHMep onpeAejieime K.n.A* o6bihho npoBOAHTCH b 
nepnoA npoMbimjieHHOH 3KcnjiyaTauHH. 

PyKOBOAHT BceMH npeAnycKOBbiMH h ny ckobbimh 
npoBepKaMH h ncnbixaHHHMH, a xaK>Ke bboaom thapo- 
arperaxa b SKciuiyaxaunio nycKOBan komhcchh, opraHH- 
3yeMan 3a6jiaroBpeMeHHo . JJjih HenocpeACTBeHHoro 
yuacTHH b npeAnycKOBbix h nycKOBbix Hcnbixaimax 
nycKOBan komhcchh H3 uncjia cbohx ujienoB h npn- 
BJieueHHoro nepcoHana MOHxa>KHbix opraHH3auHH h 
3KcnjiyaxauHH opraHH3yex cneuHajiH3HpoBaHHbie ceK- 
Ahh. x IjieHbi 3xhx ceKAHH b npeAenax cbohx ccj)ep 
ACHCXBHH ocMaxpHBaiox, npoBepmox h Hcnbixbmaiox 
OTAejibHbie y3Jibi h MexaHH3Mbi rnApoarperaxa, o(J)opM- 
jihh cbok) paSoxy cooxBexcxByioiAHMH ai<xaMH, npoxo- 
KonaMH h (JjopMyjiHpaMH. KpoMe xoro, ceKipra npoBe- 
pmox xaKHce bck> xexHuuecKyio AOKyMeHxaumo Ha 
BbinojiHeHHe b npou;ecce MOHxanca npoBepKH h Hcnbixa¬ 
HHH, B TOM HHCJie H 110 CKpbITbIM paSOTaM. PaCCMaTpHBaH 
HcnoAHHTeJibHyio TeximuecKyio AOKyMeHTaunio, koto- 
pyK> npeA 'bhbjihiot MOHTa>KHaH h CTpoKTeAbHan opra- 
HH3aAHH, CeKAHH A^JiaeT Bbl6opOUHyiO KOHTpOJIBHyiO 
npoBepKy cootbctctbhh a^hhbix cJxopMyjiHpa (JxaKTH- 
HeCKHM AaHHbIM. 

IlycKOBaH komhcchh paccMaTpHBaeT MaTepnajibi 
paSoTbi cei<HHH h npHHHMaeT pemeHHe o 3anojiHeiiHH 
OTcacbiBaiomeH TpySbi h cnHpajibHOH KaMepbi boaoh. 
3aTeM OHa TmaTenbHO ocMaTpHBaeT 6 jiok rHApoarpe- 
raTa h Apyrne ycTpOHCTBa, CBnsaHHbie c boaotokom, 
a TaK>Ke npoBepaeT Bee TexHHuecKoe BOAOCHaSnceHHe. 
ySeAHBmncb b HcnpaBHocTH Bcero BOAOHanopHoro 
TpaKTa no SnoKy rHApoarperaTa h b HaAOKiiocxH achct- 
BHH B 0AOOTKaHHB aiOIAHX H BOAOnOABOAHIAHX TeXHH- 
necKHX ycTpOHCTB, nycKOBan komhcchh paspemaeT 
nocTaBHTt rHApoarperaT Ha oSopoxbi h nauaTb ero 
nporpaMMHbie HcnbiTaHHH. 

CneAyeT 3 aMeTHTb, hto Bee npoBepKH h HcnbiTaHHH 
KaK oTAejibHbix y3JiOB, Tan h rHApoarperaTa b acjiom 
mo>kho npoBOAHTB tojibko npn nojio>KHTejiBHOH TeMne- 
paType He mime 5°C b npeAenax 6 ji 0 Ka nycKOBoro 
rHApoarperaTa. 3to hcoSxoahmo rjih . Toro, hto6bi hc- 
KAIOHHTB B03M0>KH0e pa3MOpa>KHBaHHe BOAOnOABO- 
AHIAHX yCTpOHCTB, Tpy 6 CHCTeMbi OXJiaHCAeHHH THAPO- 
reHepaTopa h cmu3kh noAHiHnHHKa THApOTypbHHbi. 
KpoMe xoro, no yciiOBHHM paSoTbi noAnHTHHKa h pe- 
ryjiHTopa ckopocth b 30Hax hx ycTanoBKH aojihchbi 
6 biTB co3AaHbi MecTHbie nojioH<HTejiBHbie TeMnepaTypbi 
He HHHce +15°C. 


prior to filling the headrace and tailrace water passages 
with water; ( 2 ) examination and check-up of indivi¬ 
dual units and mechanisms for serviceability with the 
scroll case and draft tube filled with water; (3) start 
of the hydropower unit and its test under no-load 
conditions and after stoppage; (4) on-load tests. 

More extensive tests, such as determination of the 
unit efficiency, are usually carried out in the course 
of commercial operation of the unit. 

All pre-start and start-period inspections and tests 
as well as putting the unit into operation are conducted 
under the guidance of the starting commission which is 
to be appointed in advance. The commission organizes 
specialized sections formed up of the commission 
members, erection organizations and operation staff 
employees to take part in the pre-start and starting 
tests. The members of these sections examine and 
check individual sub-assemblies and mechanisms of the 
hydro-unit within the limits of activity pre-set for the 
section and record their findings in appropriate state¬ 
ments, records and blank-forms. In addition, the sec¬ 
tions inspect also all technical documentation pertaining 
to tests and checks to be carried out in the course of 
equipment erection, including documentation on early- 
failure work. While examining the finished plans sub¬ 
mitted by the installation and construction organi¬ 
zations, the section performs sampling check-ups of 
the blank-form data for compliance with the actual data. 

The starting commission examines the results of 
the section activity and takes a decision for filling the 
draft tube and scroll case with water. Then it closely 
examines the hydropower unit and other arrange¬ 
ments communicating with water conveyance passages 
and also checks the service water supply system. Having 
made sure that all the water passages of the hydropower 
unit and the pumping and water-conveyance systems 
are in good condition, the starting commission permits 
the start of the hydropower unit and its tests in con¬ 
formity to the tests program. 

It should be noted that all checks and tests of in¬ 
dividual sub-assemblies of the unit as well as checks 
and tests of the unit as a whole may be carried out 
only at an ambient temperature within the unit under 
test not less than 5°C above zero. This condition is 
aimed at precluding possible freezing of water in water 
passages, generator cooling system piping and the 
turbine guide bearing lubrication system piping. Besi¬ 
des, to ensure normal operation of the thrust bearing 
and the speed governor, local ambient temperatures 
in the places of their installation not less than 15°C 
above zero are to be provided. 
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8-2. OCMOTP H IIPOBEFKA 
ftEHCTBHH OTftEJlBHMX 
Y3JIOB 11 

MEXAHH3MOB rO^POArPEFATA ,JO 
3AHOJIHEHHH BojjOH 
BOAOIIO^BO yi iiiHI O H 
BOflOOTBOftfllUErO TPAKTOB 

A. OCMOTP H nPOBEPICA 3 AKJIATHbIX 
MACTEt ni^POArPErATA 

IlepeM 3anojiHeHHeM boaoh BOAonoABOAflmero h 
BOAOOTBOAHiixero TpaKTOB Bee 3aKJiaAHbie uacra rHApo- 
arperaTa HeofixoAHMo TiuaxejibHO ocmotp eT& h npoBe- 

pHTB, 0 C 06 eHH 0 MOHOJIHTHOCTL COCAHHeHHH HX C 6cTOHOM 
h njiaBHocTb conpH>KeHHH OTACJibiibix ysjiOB h AeTajieM 

npoTo^HOH uacra rHApoTypSuHbi. npoBepne noABep- 
raioTCH oSjihaobkh oTcacBiBaioiHHX Tpyfi, KaMepbi pa- 
6 ohhx KOJiec, c^yHAaMeHTHbie KOJibna, CTaTopbi h ciih- 
pajibHbie KaMepbi raApoTypfiHH, a TaKHce cJjyHAaMeirr- 
Hbie njiHTbi cxaTOpOB h KpecTOBHH mAporeHepaTOp ob 
h APyriie y3Jibi h uacra arperaia, 3ajiHBaeMbie bexoHOM. 

Mohojihthoctb conpH^ceHHH onpeAejiHiOT npocry- 
KHBaHneM pyuHHKOM: rjiyxofi 3ByK 03HanaeT HajiHHHe 
HeiuioTHocTen, Tpe6yioiAHx HHbei<AHH beTOiia b nyc- 
TOTbi ao 3anojiHeHHH cooTBeTCTByiomero TpaKTa boaoh. 

npH OCMOTpe MeCT COnpH>KeHHH B npOTOHHOH HaCTH 
THApOTyp6HHbi cjieAyeT yfieAHTbCH b njiaBHocTH nepe- 
xoAa b MecTax conpn>KeHHH AOTanen c tcm, HTofibi bcjih- 
HHHbi ycTynoB He npeBbimajiH 3HaneHHH, npuBeACH- 
HblX b Ta6ji. 1. 

KpoMe Toro, HaAO npoBepHTb AOHCTBHe h njiOTHO- 
ctb 3aKpbiTHH cnycKHoro KjianaHa cnnpajibHOH KaMepbi, 
a TaKHce HaAOKHocTt KpeiuieHHH h njioTHocTb conpHHce- 
hhh jiiokob cnupajibHOH KaMepbi h oxcacbiBaiomeii 
TpySbi ii cbeMHoro jiiOKa KpbiiiiKH rHApoTypSuHbi. 

E. OCMOTP If UPOBEPKA 
FHSPOrEHEPATOPA 

,Ho 3anojiHeHHH cnHpajibiioH KaMepbi boaoh Beet 
THAporeHepaTop h ero CHCTeMy B036y>KAeiiHH TpeSy- 
eTCH TiAaTejitHo ohhcthtb ot Mycopa h nocTopoHHHX 
npeAMeTOB h npoAyTt cyxHM oKaTbiM B03AyxoM, 3a- 
TeM TaioKe TmaTejibHO ocMOTpeTb Bee y3Jibi rHAporeHe- 
paTOpa c TeM, HTofibi He AonycTHTb nocTaHOBKH rHApo- 
arperaTa Ha ofiopoTbi c KaKHMH-irabyAb no crop ohhhmh 
np eAMeTaMH Ha HeM hjih njioxo 3aKOHTpeHHbiMH Kpe- 
njieHHHMH conpnraeMbix y3JiOB h AOTajien. npH stom 
ocoSoe BHHMaHHe HaAO yACJiHTb KpenneHHHM y3JioB 
h ACTajien Ha BpamaiomHxcH nacrax rimp oreHep aTopa 
h ero CHcreMe B036y>i<ACHH5i, a TaKH<e Ha nacrax, iioa- 
BepraioiAHxcH b npoijecce pafioTbi noBbimeHHbiMH 
BH6paAHHMH OT BeHTHJIHAHOHHbIX nOTOKOB B03Ayxa. 

HaAO TBepAO noMHHTb, hto jiioSan njioxo 3aKpeiuieH- 
Han hjih HeHaAe>KHo pacKOHTpeHHan A^Tajib npn ot- 
b epTbiB aHHH h oTpbme b npoixecce paSoTbi mohcct 
B bi3BaTb cepbe3Hyio aBapnio, BnjiOTb ao noncapa b 
rHAporeHepaTope. 


8-2, EXAMINATION AND CHECK-UP 

OF INDIVIDUAL SUB-ASSEMBLIES 

AND MECTL4NISMS 

OF THE HYDROPOWER UNIT PRIOR 

TO FILLING HEADWATER 

AND r Alb WATER PASSAGES 

WITH WATER 

A. EXAMINATION AND C'HECK-IJP OF THE 
HYDROPOWER UNIT EMBEDDED PARTS 

Prior to filling the headwater and tail water passages 
with water, all embedded parts of the hydropower 
unit are to be thoroughly examined and tested, parti¬ 
cular attention being paid to their tight connection 
with concrete and to a smooth junctions between indi¬ 
vidual sub-assemblies and parts of the turbine water 
passages. Draft tube and throat ring linings, founda¬ 
tion rings, stay rings and scroll cases of the turbines, 
as well as the foundation plates of the generator stators 
and spiders, and other parts of the power unit in con¬ 
tact with concrete are to be checked. 

The tightness of the contact with concrete is checked 
by percussion with a hammer; a dull sound indicates 
presence of cavities which must be filled with concrete 
prior to filling the respective water passage with water. 

When examining the joints in the turbine water 
passages the smoothness of transitions of joints is to 
be checked to make sure that the height of juts is not 
in excess of values given in Table 1. 

Besides, it will be necessary to check the functioning 
and tightness of closure of the drain valve of the scroll 
case as well as the dependability of fixtures and tight¬ 
ness of hatches in the scroll case and draft tube and 
of the removable hatch in the turbine headcover. 

B. EXAMINATION AND CHECK-UP 
OT THE GENERATOR 

The generator and its excitation system are to be 
thoroughly cleaned of sweepings and foreign bodies 
and blown down with dry compressed air prior to 
filling the scroll case with water. Then all the generator 
parts are to be thoroughly examined to prevent the 
generator starting with any foreign bodies in it or 
with poorly locked fastenings of mating parts. Special 
attention is to be given in doing so to the fixation of 
sub-assemblies and components on rotating parts of 
the generator and excitation system, and also on 
parts subjected in operation to excessive vibrations 
due to cooling air flow. 

It should be remembered that any inadequately 
fixed or unreliably locked part may get loose or come 
off in operation causing a serious damage to the gene¬ 
rator and even may set the generator on fire. 
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Ocmotp thap oreHep aTopa h, b nepByio onepeAb, 
ero BpammoiiptxcH Hacren, B03Ayxopa3AejunomHx 
IAHTOB H ofiMOTKH CTaTOpa ofibIHHO npOBOAHT OAHOBpe- 
MeHHO HecKOJibKo uejioBeK, KOTopbie, hah Apyr 3a 
ApyrOM, OCymeCTBJIHIOT nOBTOp HblH KOHTpOJIb. npH 
3 TOM OCMaTpHBaiOT BCe fiOJITOBbie COeAHHeHHH Ha 
poTope, craTope h B03Ayxopa3AeJHnoiimx njHTax. KpoMe 
Toro, Ha poTope OCMaTpHBaiOT csapiibie coeAHHeHHH 
TeM, HTofibi He nponycTHTb b hhx Tpemmi. Bo3AyniHbiH 
3a3op Me>KAy pacTouKofi CTaTOpa h nomocaMH poxopa 
THAporeHepaTopa, a TaKHce b CHCTeMe B036y>KAeHim 
npocMaTpHBaiOT. npocBeuiiBaH nepeHOCHOH jiaMnon 
CBepxy h cHH3y nomocoB. Hepe3 sa3opbi npoTacKHBaiox 
no Kpyry BepeBKH c TeM, hto6bi yfieAHTbCH b OTcyTCT- 
bhh b b o 3 Ay hi ii om npocTpaHCTBe nocTpoHHHX npeA¬ 
MeTOB . 

B nocjieAHee BpeMH jjjul npocMOTpa B03AyiHHbix 
3aBopoB h ApyrHX TpyAHOAOCTynHbix AJin raa3 (pac- 
nojio>KeHHbix noA HeKOTopbiM yrjioM k JiyuaM 3peHHH) 
MecT CTajiH Hcnojib30BaTb onTHuecKHe npnfiopbi. 

IloCJie OCMOTpa B03AyuiHbIX 3a30p0B BblfiopOHHO 
npOBepHIOT HX BeJIHHHHbl, COnOCTaBJIHH 3TII BeJIHHHHbl 
c A^HHbiMH (JjopMyjiHpa, cocTaBJieHHoro b nponece 
MOHTa>Ka. 

npn OCMOTpe JioSoBbix uacxeH oGmotkh CTaTOpa 
ocofioe BHHMaHHe cjieAyeT yAejiHTb hhctotc noBepx- 

HOCTH TOJIOBOK H OTCyTCTBHK) Ha HHX nOBpe>KACHHH. 
ObHapynceHHbie BMHTHHbi hjih napanHHbi, b 3aBHCH- 
mocth ot xaparaepa no b ep>K achhh, hco6xoahmo ycTpa- 
HHTb nyTeM nepeH30JIHp0BKH TOJIOBOK HJIH nOKpbITHH 
no B epXHO CTH TOJIOBOK JiaKOM. 

npn OCMOTpe k oHTaKTHbix KOJieit h TpaBepc CO 
iiteTKOAep>KaTejiHMH cjieAyeT ofipamaTb BHHMaHHe Ha 
MecTa CTbiKOB KOJien, Ha naAOKiiocTb KpenjieHHH 
TpaBepc h m^TKOAep>KaTejieH, a TaioKe Ha njioTHocTb 
npnjieraHHH iactok k KOJibnaM h KOjuieKTopy. Ctbikh 
KOJ ieit He AOJi>KHbi HMeTb ycTynoe, a Topnbi ia^tok 
AO ji>KHbi njiOTHo npnjieraTb k KOJibny hjih KOjuieKTopy. 
06napy>KeHHbie Ha KOJibnax ycTynbi Hy>KHO npoTOHHTb 
Ha obopoTax arperaTa, npHMeHHH cneitHajibHbm cyn- 
nopT. IIjioxo npHJieraioume k KOJibqy hjih KOjuieKTopy 
ineTKH rjih. npeAOTBpaineHHH hckpchhh HaAO npHTe- 
peTb no KOJibuy hjih KOjuieKTopy ctckjihhhoh HiKypKOH, 
MHoroKparao npoTacKHBan ee Me>KAy ineTKon h kojil- 
AOM H Me>KAy mCTKOH H KOJIJieKTOpOM. 

KpoMe nepeuHCJieHHbix pafioT no mAporeHepaTopy, 
npn cyxofi cnnpajibHOH KaMepe npoH3BOAHTCH npoBepKa 
ACHCTBHH T0pM03H0H CHCTeMbI, a TaKHCe B 3aBHCHM0CTH 
OT KOHCTpyKIJHH OCMOTp HJIH OCMOTp C npOBepKOH 
ACHCtbhh CHCTeMbI no>KapOTyuieHHH. 

TopM03Hyio CHCTeMy npoBepmoT b pencHMax Top- 
Mo>KeHHH h no a x>eMa pOTOpa. TopM03nmee AencTBHe 
CHCTeMbI HcnbiTbiBaiOT MHoroKpaTHoii noAanen b TOp- 
M03a B03Ayxa H3 KOTjia MHV h uociicjiyiou\um Bbinyc- 
kom ero b axMoc(J)epy nepe3 KjianaH cjiHBHoro Tpybonpo- 
B0A3. IIpH 3TOM KOJIOAKH Tp0M030B AOJIJKHbl JieTKO 
noA>KHMaTbCH k T0pM03H0My AHCKy npn noAane B03Ayxa 
h cbo6oaho otxoahtb ot AHCKa npH ero BbinycKe. 


Examination of the generator, and first of all of 
its rotating parts, air bafflers and the stator winding 
is usually carried out by a team of several persons 
who inspect repeatedly the generator going one after 
another. In the action, all bolted connections on the 
rotor, stator and air bafflers are to be examined. 
Besides, welded joints of the rotor are to be inspected 
to reveal possible cracks in them. The air gap between 
the stator bore and the generator rotor poles as well 
as that in the excitation system should be examined 
by means of a portable lamp illuminating the space 
from above and beneath the poles. Cords are to be 
pulled through the gaps around the rotor to make 
sure that there are no foreign bodies present in the air- 
gap clearance. 

Recently optical instruments have found appli¬ 
cation for the inspection of air gaps and other hard- 
to-get at places (located at a certain angle to the direc¬ 
tion of sight). 

Upon examining the air gaps a sampling check 
of their values is made and these values are compared 
against those specified in the record sheet that has been 
filled up during the generator erection. 

While examining the coil ends of the stator winding, 
special attention should be given to the cleanliness of 
their surfaces and to the absence of injuries on them. 
Dents or scratches, if detected, are to be eliminated 
by re-insulation of the coil ends or by coating them 
with varnish, depending on the nature of damage. 

While examining the slip rings and brush yokes, 
attention should be given to the ring joints, reliabi¬ 
lity of brush yokes and brush holders and to the brush 
fitting to the slip rings and commutator. The joints 
of the rings should have no protrusions and the butt 
ends of brushes should be tightly fitted to the slip 
ring or commutator. Any protrusion detected on the 
slip rings is to be turned down with the generator 
running at rated speed using a special support for the 
purpose. Brushes poorly fitted to the slip rings or 
commutator should be bedded to fit the ring or com¬ 
mutator circumference to prevent their sparking. To 
this end, a strip of sandpaper is to be drawn repea¬ 
tedly back and forth between the brush and the ring 
or between the brush and the commutator. 

In addition to the above-listed checks of the gene¬ 
rator, the braking system is to be checked for service¬ 
ability with the scroll case empty and also, the fire 
extinguishing system is to be examined and, in some 
designs, checked for functioning. 

The braking system is to be tested in the rotor 
braking and lifting duties. The braking action of the 
system is tested by repeated supply of air from the 
oil-pressure plant tank to the brakes, with its subse¬ 
quent release into the atmosphere through the drain 
pipeline valve. In the process, the brake shoes shall 
easily press against the brake disk when air is supplied 
and easily go away from the disk when the air is 
relieved. 
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TTt tst npoBepKH chctcmbi, AeHCTByromeH KaK niApo- 
AOMKpaTbi, poTOp rnApoarperaTa noAHHMaiOT AOMKpa- 
TaMH (T0pM03aMn), npoBepHioT , Her jih npoTeneK 
*iepe3 MamKexbi, (j)HKCHpyiOT BejiHHHHy A^bjichkh b 
CHCT eMe, a Tai<>Ke 3aMepHK)T nporn6 rpy30HecymeH 
KpecTOBHHBi ot aohctbhh Beca poTOpa rnApoarperaTa 
H 3a30pBI MOKAy KOJIOAKaMH T0pM030B H T0pM03HBIM 
Ahckom (npn onymeHHBix KOJioflKax). 

CncreMy noHcapoTyineHHH b 3 aBHCnM 0 CTH ot koh- 
CTpyKAHH hjih tojibko ocMaTpHBaiOT (HanpHMep, B 
boahhom BapnaHTe HaAO tojibko ybeAHTBCH b HaAonc- 
hocth KpenjieHHH 3BeH&eB TpySonpOBOAa Me>KAy co6oh 
h Bcero Tpy6onpOBOAa k onopaM) hjih ocmotp cobmc- 
maiOT c npOBepKOH A e] ^ CTBH ^ chctcmbi. Ecjih >i<e chc- 
TeMa no>KapoTymeHHH cna6>KeHa ycraHOBKOH C0 2 > to 
ACHCTBH e CaMOH CHCTCMBI H BCeX SJieMeilTOB aBTOMaTHKH 
noABepraiOT iiojihoh npoBepne. 

B. OCMOTP H I1POBEPKA HEltCTBHH 
BCnOMOrATEJIbHOrO OEOPyflOBAHMfl 
rHflPOArpErATA 

BcnoMoraTejiBHoe oSopyAOBauHe He3aBHCHMO ot 
npoBeAeHHbix b npoitecce MOHTa>Ka npOBepOK o6H3a- 
TeJIBHO OCMaTpHBaiOT H HCIIblTblBaiOT HenocpeACTBeHHO 
nepeA nycKOM rnApoarperaTa. HcnBiTaHHHM noABepra- 
iotch cjieAyioiAHe ajieMeHTbi . 

K ji a n a h h c p h b a b a k y y m a . IIpH npo- 
BepKe hx ACHCTBHfl onpeAGJiHiOT BejiHHHHy xoAa KJia- 
naHa h BpeMH ero 3 aKpBiTHH, KOTOpoe He a°ji>kho otjih- 
qaTBCH ot 3 aAaHHoro b npoeKTe fiojiee ueM Ha 10%. 

MacjiHHbiH jieKa>KHbiH arperaT 
npoBepHioT npH bkjhohchhh ero BpynHyio ot khohkh 
H aBTONiaTHHeCKH OT nOIUiaBKOBOrO yCTpOHCTBa. 

XojiocTbie BbinycKH. IIpH npOBepne 
AeHCTBHH xoJiocTbix BbinycKOB oripeAeJiHiOT BejiHHHHy 
xoAa KJianaHa h BpeMH ero otkpbithh h 3aKpBiTHH, 
KOTOpoe He aojokho OTJiHuaTbcn ot 3aAaHHoro npoeK- 
TOM 6oJiee HeM Ha 10%. B 3aBHCHMOCTH OT KOHCTpyKAHH 
MeTOAHKa HCnbITaHHH XOJIOCTbIX BbinycKOB paSJIHHHa 
h b Ka>KAOM KOHKpeTHOM cjiynae oOycJiOBJieHa npoeKTOM. 

YCTpOHCTBa O T K a H K H BOA HI c 
KpbiniKH rHApo T YP^ HHM noABepraiOT cjie- 
AyiomeH npOBepne: Ha KpbiniKy rHApoTypSiniBi ot 
KaKoro-jinOo HCTOHHHKa nHTaHHH 3aJiHBaioT BOAy h ca- 
MOBcacbiBaiomHH Hacoc BKjnouaioT BpyHHyio h ot non- 
JiaBKOBOrO yCTpOHCTBa. npH 3TOM (J)HKCHpyiOT 06 BCM 
boabi h BpeMH, 3 a KOTOpoe 3Ta BOAa OTKauHBaeTCH. 

3)KeKTOpHoe ycTponcTBO, paSoTaio- 
mee ot cnHpajiBHoii KamepBi, npoBepHioT noAaneH b 
H ero boabi ot Hacoca TexHHuecKoro BOAocHaOnceHHH. 

C H C T e M bl C M a 3 K H H OXJiaHCA^HHH 
rnApoarperaTa . IIpH Hajiiraini Hacocos ahh 
npHHyAHTejiBHOH cMa3KH h oxJiaHCAeHHH npoBepHioT 
hx ACHCTBHe, no noKa3aTejiHM TeneHHH iia6jiioAaiox 3 a 


To check the system in the rotor lifting duty, the 
rotor is to be lifted on hydraulic jacks (brakes), the 
seal glands are to be checked for leakage, the pressure 
within the system is measured and the deflection of 
the lifting cross-beam under the rotor mass and the 
clearances between the brake shoes and the brake 
disk plate (with the shoes lowered) are to be measured. 

Depending on the design, the fire-extinguishing 
system is either examined only (for instance, in the 
case of a water fire-extinguishing system it is only 
required to check to dependability of pipe sections 
interconnection and of the pipeline securing to sup¬ 
ports) or the examination is combined with the test 
of the entire system. In case the system is equipped 
with a carbon-dioxide fire-extinguishing plant, the 
functioning of the entire system and of all the auto¬ 
matic-control elements is to be checked. 

C EXAMINATION AND TEST 

OF THE HYDROPOWER UNIT AUXILIARY 

EQUIPMENT 

Irrespectively of checks carried out during the 
power unit installation the auxiliary equipment of the 
unit is‘ to be examined and tested immediately prior 
to starting the unit. The following pieces of equip¬ 
ment are to be tested. 

The vacuum break valve. While testing 
the valves for functioning, the valve lift and the closure 
time are to be measured. These values should not 
differ from those specified by the design by more than 
10 per cent. 

The oil leakage pump unit is tested 
by starting it manually from a push-button and auto¬ 
matically from a float device. 

Waste relief valves. When testing the 
waste relief valves, the valve lift and the closure and 
opening time are to be determined. These values should 
not differ from those specified by the design by more 
than 10 per cent. The test procedure for different waste 
relief valves differs with their particular design. 

Pumping units for removing wa¬ 
ter from the turbine headcover are 
tested in the following way: water is poured onto the 
headcover from any source and the self-priming pump 
is switched on manually and automatically from the 
float device. The amount of water and the time required 
for pumping out this water are measured in the 
action. 

The ejector actuated by pressure in 
the scroll case is tested by supplying water to this 
ejector from the service water supply system pump. 

Hydropower unit lubrication and 
cooling systems. If forced lubrication and 
cooling pumps are furnished, they are to be tested for 
serviceability. The flow indicators are to be observed 
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nocTynjieHHeM Macjia k MecTaM CMa3KH h boabi b oxjia- 
AHTejiH, cjieAHT, HeT jih npoxeneR b CHCTeMax cm33kh h 
oxJia>KAeHHH. Ecjih cncreMa He HMeeT npHHyAHTejiBHOH 
CM 33 KH, TO npOBepHIOT TOJIBKO nJIOTHOCTB B3HH, Tpy6o- 
npoBOAOB h ypoBeHB Macjia b BaHHax, a npn onpofioBa- 
hhh CHCTeMbi CMa3KH Aan^) JionaTOK HanpaBjiniomero 
annapaTa — h Hajinune b CTanaHax naSHTofi nepeA 
nyCKOM CMa3KH. 

Ilpn nHTaHHH oxjiaAHTejiefi h noAUiHnHHKa thapo- 
TypfiHHbi boaoh H3 cnHpa jibhoh KaMepbi npoBepna 
AeHCTBHH CHCTeMbi np OH3 B O AHTCH nOCJie 3aTOnJieHHH 
cnHpajiBHOH KaMepbi. 

F. OPOBEPKA AEHCTBHB CHCTEMM 
Pli! yJIHPOB AHHfl 

JleHCTBne OTAejiBHbix MexaHH3MOB peryjiHTopa h b 
A ejiOM Been chctcmbi peryjinpoBaHHH mo>kct 6bitb 
npoBepeHO b pa3JiHUHOH TexHOjiornuecKOH nocjieAO- 
B3TeJIBHOCTH, AHKTyeMOH KOHKpeTHbIMH MeCTHbIMH yC- 
jiobhhmh, He3aBHCHMO ot npHHHMaeMOH nocjieAOBa- 
Te jibhocth nepeA nycKOM rnApoarperaTa aojihchbi Sbitb 
bB inoJiHeHBi cjieAyioiAHe ocHOBHbie npoBepKH: 1) npo- 
Bepna achctbhh MexaHH3Ma pynHoro peryjinpoBaHHH h 
orpaHHHHTejiH otkpbithh ; 2) onpeAejieHHe MepTBBix 
xoaob h 3aeAaHHH b nepeAanax chctcmbi peryjinpo- 
BaHHH, 3) npoBepKa achctbhh KaTapaKTa H30AP0M- 
Horo MexaHH3Ma; 4) onpeAejieHHe 3aBHCHM0CTH otkpbithh 
H anpaBjimomero annapaTa ot nojionceHHH cepBOMO- 
Topa; 5) npoBepna KodHHaTOpHOH 3aBHCHM0CTH; 

6) onpeAejieHHe nepecxaHOBOHHBix ycnjinii b cepBOMO- 
Tope HanpaBjiniomero annapaTa; 7) onpeAejieHHe Bpe- 
MeHH 3aKpbiTH h h otkpbithh HanpaBjiniomero annapaTa 
h pa3BOpOTa jionacreH pafionero Kojieca. 

IIpoBepKa achctbhh MexaHH3Ma 
pyqHoro peryjinpoBaHHH h orpa- 

HHHHTeJIH OTKpBITHH. C nOMOIABK) Mexa- 
HH3Ma pym-ioro peryjinpoBaHHH npoH3BOAHTCH MeA~ 
jieHHoe oTKpBiTHe h 3aKpbiTHe HanpaBJiHioniero anna¬ 
paTa ao KpaiiHHx ero nojio>KeHHH. HannuaTB Hcnbrra- 
HHe peKOMeHAyeTCH TaK, hto6bi ahkji abhjkchhh coBep- 
rnajiCH 3a 30—40 c, nocTeneHHo yMeHBinan 3 to BpeMH 
c Kan<ABiM nocjieAyioiAHM ahkjiom ahhjkchhh. 

Okohhhb npoBepKy MexaHH3Ma pynHoro peryjinpo- 
BaHHH, peryjiHTop nepeBOAHT Ha aBTOMaranecKoe pe- 
ryjinpoBaHHe h npn noMOiAH orpaunnnTejiH otkpbithh 
npoH3BOAHT TaKHe nee yObiCTpHionme ahkjibi abhjkchhh. 

OAHOBpeMeHHo c 3aKpBiTHeM h oTKpBiTHeM Hanpa- 
BJiHioiAero annapaTa ncnbiTbiBaiOT np aBH jibhoctb 
A eHCTBHH MexaHH3MOB pyHHoro peryjinpoBaHHH h orpa- 
HHHeHHH OTKPBITHH. IIpH 3T0M oOpaiAaiOT BHHMaHHe 
Ha OTcycTBne b conjieneiiHHx MexaHH3MOB 3aMeTHBix 
jiio(J)tob , a TaK>Ke Ha pearnpoBaHne nopumn cepBo- 
MOTopa Ha Ka>KAoe Majioe cMemei-ine pyKOHTKH orpaHH- 
HHTejik hjih nrrypBajia pynHoro peryjinpoBaHHH. Hajin- 
nne 6 ojibhihx TpeHHH h ynpyrocTH b pBma>KHo -THroBOH 
nepeAane k orpaiinuHTejiio npHBOAHT k TOMy, hto nop- 
mem» cepBOMOTopa coBepmaeT B03BpaTHO-nocTynaTejib- 
HBie ABH>KeHHH (b HeCKOJIBKO A e CHTKOB MHJIJIHMeTp OB) 
npn HenoABH>KHOM MexaHH3Me orpaiiHneHHH otkpbithh. 


to check for the supply of oil to points of lubrication 
and water into the coolers; the lubrication and cooling 
systems are to be checked for leakage. In case no for¬ 
ced lubrication is provided in the system, only tight¬ 
ness of oil baths and pipelines and oil level in the 
baths are to be checked. When testing the wicket gate 
stems, the cups are to be checked for grease packed 
therein prior to starting. 

In case the coolers and the turbine guide bearing 
are supplied with water from the scroll case, the lubri¬ 
cation and the cooling systems are to be tested after 
the scroll case has been tested. 

E. SPEED GOVERNING 
SYSTEM TEST 

Functioning of individual mechanisms of the speed 
governor and of the entire speed governing system 
as a whole can be checked using various procedures 
depending on the environmental conditions. Irrespec¬ 
tive of the adopted test procedure, the following prin¬ 
cipal checks are to be performed prior to starting the 
hydropower unit: (1) checking the functioning of the 
manual control mechanism and of the wicket gate 
opening limiter; (2) determining backlashes and stick¬ 
ing in the governor system drives; (3) checking the 
functioning of the proportional and integral controller 
dashpot; (4) determining the wicket gate opening as 
function of the servomotor position; (5) checking the 
combinator adjustment; (6) determining the reset forces 
in the wicket gate servomotor; (7) determining the 
time required for the wicket gate closure and opening 
and for the adjustment of the runner blades. 

Checking the manual control me¬ 
chanism and the wicket gate open¬ 
ing limiter. Slow opening and. closure of the 
wicket gate to its extreme positions is carried out with 
the help of the manual control mechanism. It is advi¬ 
sable to start the test with the movement cycle lasting 
for 30 to 40 seconds, reducing this time with each 
subsequent movement cycle. 

Upon accomplishing the test of the manual control 
mechanism, the speed governor is switched over to 
automatic control and using the wicket gate opening 
limiter the same ever accelerated movement cycles are 
performed. 

Simultaneously with the closure and opening of 
the wicket gates the proper functioning of manual 
control mechanisms and of the opening limiter is to 
be tested. In doing this, attention is to be given to the 
absence of appreciable play in the joints of the mecha¬ 
nisms as well as to the response of the servomotor 
piston to every slight displacement of the limiter 
handle or of the manual control wheel. Severe friction 
and elasticity in the linkage with the limiter results 
in reciprocating motion (some tens of millimeters) 
of the servomotor piston with the opening limiter 
being motionless. 
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IIpH 3aeA3HHHX h ynpyrocTH ofipaTHan cbh3b He 
MO>KeT njiaBHO nepeMemaTBCH npn abhhcchhh cepBO- 
MOTOpa. riOSTOMy 30JI0THHK He IIJiaBHO B03BpamaeTCH B 
cBoe cpeAHee nononcemie, a ACJiaeT ^CKanKH^S nepe- 
xoah 3to cpeAHee nojioHceHHe, KorAa HaKonHTCH AOCTa- 
tohho ynpyrux chji b nepeAane. 

OAHOBpeMeHHo c npoBepKOH saeAaHHH h ynpyrocTH 
onpeAejimoT BejiHHHHy MaKCHMajiBHo B03MO>KHoro ot- 
KpBiTHH HanpaBJiHioiAero annapaTa h cpaBHHBaiOT ee 
C BeJIHHHHOH OTKpbiTHH, lipeAyCMOTpCHHOH IIpOeKTOM. 

Ecjih (J)aKTHHecKoe orapbirae HanpaBJiHioiAero aimapa- 
Ta nojiynaeTCH Mentme npeAycMOTpeHHoro npoeKTOM, 
to cjieAyeT ycTpaHHTB npHHHHbi, npemiTCTByioiAHe 
AO CTHHCeHHK) npOCKTHOH BeJIHHHHbl. 3THMH npHHH- 
HaMH ofibIHHO HBJIHIOTCH paCCOrjiaCOBaHHOCTb ABHHCe- 
hhh nopniHen cepBOMOTOpOB, npn KOTOpon oahh H3 
hhx craHOBHTCH Ha ynop npn nojio>KeHHH nojiHoro 
OTKpbiTHH, a APyrOH B 3aKpbITOM no JIO>KeHHH, HJIH 
HeAOCTaTOHHbiii xoa BcnoMoraTejibHoro cepBOMOTOpa 
peryjiHTopa. 

OnpeAOJieHHe m e p t b ti x xoaob h 
3aepHHil b nepeAanax c h c t e m ti pe- 
ryjiHpoBaHHH . ,D[jih onpeAejieHHH MepTBbix 
xoaob h 3aeAaHHH b nepeAanax cncreMbi peryjinpoBa- 
hhh y niTOKa cepBOMOTOpa HanpaBJiHioiAero annapaTa 
h y CTanana KaTapaKTa ycraHas jiHBaiOT no OAHOMy hh- 
AHKaTOpy. 3aTeM cepBOMOTOpbi hphboaht b MeAJieH- 
Hoe ABHHceHne h nposepnioT no CTpeJinaM HHAHKaTopoa 
njiaBHOCTb ABHH<eHHH oSpaTHon cbh3h, KOTopan xapaK- 
TepH3yeTCH OTcyTCTBHeM CKanKOB crpenoK Ha hhahkh- 
Topax. 3armcbiBaH noKa3aHHH HHAHKaTopos a<hh pHAa 
nocjieAOBaTejibHbix HenoABH>KHbix nojionceHHH noprn- 
hh, nojiyneHHbix b pe3yjn»TaTe ero nepeMeiACHHH kqk 
B CTOpOHy 3aKpbITHH, TaK H B CTOpOHy OTKpbiTHH, 
onpeAejiHioT BejinnnHy MepTBoro xoAa. 3Ta Bejiumma 
coraacHO HopMaM He AOJBKHa npeBbimaTb 0,5% ot 
nojiHoro xoAa nopniHH cepBOMOTOpa. 

Ecjih Ha rpa<J)HKe, nocTpoeHHOivi npn 3aKpbiTHH h 
OTK pbiTHH HanpaBJiHioiAero annapaTa, KpHBbie cob- 
naAyT, to, cjieAOBaTejiBHO, MepTBbix xoaob h chji 
T peHHH, HMeioiAHX npaKTHnecKoe 3Haneime, hct. Ecjih 
K pHBbie He coBnaAyT, ho SyAyT napajuiejibHbiMH, to 
3TO TOBOpHT O TOM, HTO B CHCTCMe eCTb MepTBbie XOAS, 
ho Her omyTHMbix 3 aeAaHiin. IlpH HaJiHHHH me MepTBbix 
xoaob h 3HanHTejibHbix 3aeAaHHH KpHBbie He coBnaAyT 
h He OyAyT napajuiejibHbiMH. 

IIpH BbiHBJieHHH b nepeAane k raaBHOMy 30Ji0THHKy 
hjih b BbiKjHonaioiAeH nepeAane 3aeAaHHH jih6o MepT¬ 
Bbix XOAOB, BeJIHHHHa KOTOpbIX 6oJIBIIie AOnyCTHMOH, 
HeoSxoAHMO Bee inapHHpbi TiAaTejibHO npoBepHTb h 
ycrpaHHTb A0(J)eKTbi. 

IlpoBepKa aohctbhh KaTapaKTa 
H30ApoMHoro MexaHH3Ma . IIopmeHb Ka¬ 
TapaKTa, CMeiAOHHblH B Ty HJIH HHyiO CTOpOHy, AOJIHCeH 
jierao, cboOoaho h njiaBHO B03BpaiAaTbcn b CBoe 
cpeAHee nojio>KeHHe, npnneM 3HanHTejibHbiH 3a30p 
Me>KAy nopuiHeM h ahjihhapom KaTapaKTa HeAony cthm . 
Ecjih npH B 03 BpaTe nopinHH b cpeAHee nojionceHHe 
HaSjiioAaiOTCH pbiBKH hjih 3aeAaHHH, Heo6xoAHMO y6e- 


Sticking and elasticity prevent smooth motion of 
the regenerative coupling with the servomotor motion-;. 
For this reason, the slide valve does not return to its 
middle position smoothly but makes a “jump” by-pass¬ 
ing this middle position when a sufficient force of 
elasticity is accumulated in the linkage. 

While checking the linkage for sticking and elasti¬ 
city, it is necessary to determine the maximum possible 
opening of the wicket gates and the value obtained 
is to be compared with the design data. In case the 
actual wicket gate opening is less than the specified 
value, the causes of inadequate opening must be eli¬ 
minated. Inadequate opening of the wicket gates is 
usually the result of mismatched motions of the servo¬ 
motors pistons in which case one of the pistons reaches 
the extreme position with the wicket gate fully open 
and the other, with the wicket gate fully closed or it 
may be caused by insufficient stroke of the speed 
governor auxiliary servomotor. 

Determination of backlashes and 
sticking in the governor system 
drives. In order to determine the backlashes and 
sticking in the governor system drives one dial gauge 
is installed at the reach rod of the wicket gate servo¬ 
motor and another dial gauge, at the dashpot. Then 
the servomotors are set into a slow motion and by 
observating the dial gauges the smoothness of the 
regenerative coupling motion is checked by the absence 
of jumps of the dial gauge pointers. The backlash is 
determined from the dial gauge readings recorded 
for a series of successive stationary positions of the 
piston obtained while it travelled both in the direction 
of closure and opening. The backlash shall be not in 
excess of 0.5 per cent of the complete stroke of the 
servomotor piston, according to specifications. 

In case the curves plotted for the wicket gate closure 
and opening coincide it means that no backlashes and 
friction forces of any practical importance are present. 
If the curves do not coincide but are parallel it is an 
indication that the backlashes in the system are present 
but no appreciable sticking occurs. In the event of 
considerable backlashes and sticking the curves will 
not coincide and will not be parallel. 

When in the main slide valve drive or in the tripping 
transmission some sticking or backlashes are revealed 
and their values are in excess of allowable data all 
hinges should be carefully examined and the defects 
should be eliminated. 

Checking the proportional and 
integral controller dashpot. The dash- 
pot piston, on its shifting into one or another side, 
should easily, freely and smoothly return to its middle 
position, with no considerable gap between the piston 
and the dashpot cylinder. In case jerks or sticking 
occur when the piston returns to its middle position, 
it is necessary to make sure that no air is present 
under the dashpot piston and that air does not find 
way under the piston when the latter is shifted from 
the middle position. 
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Ahtbch, hto noA nopuiHeM KaTapaKTa hct B03Ayxa h 
HTO BO BpeMH CMeiAeHHH H3 CpeAHerO nOJIOHCeHHH B03- 
Ayx noA Hero He nonaAaeT. 

Ecjih B03Ayx He hbjihctch iiphhhhoh HeiuiaBHoro 
ABHH<eHHH nopuiHH, to HaAO pa3o6paTB KaTapaKT, npo- 
hhcthtb ero, npoBepHTb h b cjiyqae HaAofiHocTH no- 
AoraaTB OTAeJiBHbie TpyinnecH napti. KorAa KaTapaKT 
6yAex npHBeAeH b HopMajiBHoe nojionceHHe, cjieAyeT 
chhtb ero xapaKTepHCTHKy, T.e. onpeAejmTB 3aBHCHMO- 
ctb ot BpeMeHH paccTOHHHH Me>KAy nopuiHeM h ero 
cpeAHHM noJio)KeHHeM. JIjih 3Toro Ha nopinem, KaTa¬ 
paKTa ycraHaB jihb aioT hhahkhtop h npn hoahhtoh 
nrjie KaTapaKTa nopinem* cMeiAaiOT nocjieAOBaTejiBHo 
BBepX H BHH3 Ha 2—3 MM H B03BpaiAai0T H3 3THX 
KpaiiHiix nojiouceHHH npn ycTaHOBJiemiOH Ha Mecxo 
nrjie KaTapaKTa. 

Ilpn B03BpaTe nopniHH KaTapaKTa b CBoe cpeAHee 
nojionceHHe uepe3 onpeAejieHHbie npOMeucyTKH BpeMeHH 
3anncbiBaiOT paccroHHHe nopniHH KaTapaKTa ot cpeA- 
Hero noJiomeHHH. 3to ACJiaeTCH Kai< npn cmciachhh 
nopniHH KaTapaKTa BBepx, TaK h npn ero CMeiAeHHH 
BHH3. 3aTeM CTpOHT KpHBbie 3aBHCHM0CTH paCCTOHHHH 
nopniHH KaTKaparaa js,o ero cpeAHero nojionceHHH ot 
BpeMeHH S =/(0- rpa(j)HK HopMajiBHo HacTpoeHHoro 
KaTapaKTa Ronmen hmctb njiaBHbie KpHBbie (pnc. 221). 


BpeMH B03BpaiAeHHH nopuiHH KaxapaKTa H3 pauno 
otctohiahx ot cpeAHero nojiouceHHH BepxHHx h hhhchhx 
ero rpaHHA k cpeAHeMy nojiOHceHHio aoji>kho 6bitb 
OAHHaKOBbiM, a hctohhoctb B03BpaiAeHHH nopmHH B 
cpeAHee nojioHceHHe ofibiuHo AonycKaeTcn He 6oAee 
±0,02 MM. 

OnpeAejiemie 3aBHCHMOCTH OTKpbiTHH HanpaBJiHio¬ 
iAero annapaTa ot nojioHceHHH cepBOMOTOpa. Ilpn no- 
moiah orpaHHUHTe jih OTKpbiTHH hjih MexaHH3Ma pyu- 
Horo peryjinpoBaHHH nopmeHB cepBOMOTOpa bbiboaht 
H 3 3aKpbiToro nojio>KeHHH Ha oTKpbiToe, AeJian 8 —10 
HpOMOKyTOHHblX OCTaHOBOK. npH 3THX OCTaHOBKaX no 


In case air does not cause uneven motion of the 
piston the dashpot should be dismantled, cleaned, 
examined and if required, individual friction pairs 
should be adjusted. On bringing the dashpot into a 
normal state, its characteristic is to be taken, that is, 
the distance from the piston to its middle position 
should be determined as a function of time. For this 
purpose, dial gauge is installed on the dashpot piston 
and with the dashpot needle raised, the piston is dis¬ 
placed alternately up and down over 2 or 3 mm and 
returned from these end positions while the dashpot 
needle is positioned in its place. 

With the dashpot piston returned to its middle 
position, its distance from the middle position is to be 
recorded at certain time intervals. This is to be made 
both while the dashpot piston moves upward and 
downward. Then the curves of the distance from the 
piston to its middle position versus time S =f (t) 
are to be plotted. The curves for the normally adjusted 
dashpot are to be smooth (Fig, 221). 

The time of return travel of the dashpot piston 
from its upper and lower extreme positions equally 
spaced from the middle position should be the same, 
and the accuracy of return of the piston into its middle 
position should not be over ±0.02 mm. 

Determination of the dependence of the wicket 
gate opening on the servomotor position. The servo¬ 
motor piston is shifted from the “Closed” to the 
“Open” position with the help of the opening limiter 
or the manual control mechanism, hesitating at 8 to 
10 intermediate positions. In these intermediate posi¬ 
tions the servomotor piston travel distances are measu¬ 
red and recorded with the help of a straight-edge 
calibrated in millimeters that is either fixed on the 
servomotor reach rod or installed on it for the purpose, 
and the clear distances between four pairs of neigh¬ 
bouring vanes of the wicket gate located along the 
longitudinal and transverse centre lines of the hydro- 
power unit corresponding to these intermediate posi¬ 
tions of the servomotor piston are also measured. 
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HMeiomeiiCH hjih ycTaHOBJieHHOH Ha BpeMH npoBeprcii 
Ha HITOK nopiHHH JIHHeHKe C MHJIJIHMeTpOBbIMH RCJIC- 
hhhmh 4>HKCHpyioT BeJiHHHHbi nepeMemeHHH nopuiHH 
cepBOMOTopa h 3aMepnioT cootb eTCTBy ioiahc 3thm npo- 
MOKyTOHHblM nOJIO>KeiIHHM nopiHHH paCCTOHHHH B 
CBeTy MOK^y ueTbipbMH napaMH cmokiibix jionaTOK 
HanpaBJiHiomero annapaTa, pacnojio>KeHHbiMH no npo- 
AOJibhoh h nonepenHOH ochm rHApoarperaTa. 

BejiHHHHbi nepeMemeHHH nopuiHH rjvi i<a>KAoro npo- 
MOKyTOHHoro nojio>KeHHH h cpe^ime apn(J)MeTHHecKHe 
3HaneHHH H3 ueTbipex 3aMepoB paccTOHHHH b CBeTy 
MOK^y JionaTKaMH OTKJia^biBaiOT no ochm KoopAHHaT 
H CTpOHT KpHByK) 33B HCHMOCTH OTKpbITHH HanpaBJIH- 
lotqero annapaTa ot xoAa cepBOMOTopa. Tanyio nee 
KpnByio ctpoht h no 3aMepaM, CAeJiaHHbm npn abhtkc- 


Ta6jiHiia 18 

^onycmMtiE bejihhhhm bhepai^hK 

nOHmHIlHHKOBEIX OHOP H KPECXOBUH 


MecTO 3aiwepa BnGpijami 

BeJiH^HHa Bn6pai(HH (mm) npn cko- 
pOCTH BpameHHH poTopa, o6/mhh 

ao 100 1 

| flo 375 

flo 500 

KpeCTOBHHbl CO BCTpOeH- 
HblMH HanpaB JIHIOIAHMH 

0,18 

0,12 

0,10 

Onopbi noflHiHiiHHKOB rn- 
ApOTypSHH 

0,05 

0,04 

0,03 


hhh nopuiHH b oSparaoM HanpaBjieHHH, T.e. ot nojio- 
>KeHHH nojmoro otkpbithh no noJionceHHH nojmoro 
3aKpbiTHH HanpaBJiHiomero annapaTa. 3th abc KpHBbie 
MoryT HecKOJibKO He coBnaAaTb (AonycKaioxcH otkjio- 
HeHHH b npeAenax ao 0,5%), noaTOMy rjix cpaBHeHHH 
c pacneTHOH kphboh, 3aAaBaeM0H 3aBOAOM-H3roxoBH- 
TejieM, npHHHMaioT cpeAmoio Menmy hhmh. 

IIpOBepKa KOMGHHaTOpHOH SaBHCHMOCTH. 
HMeioniyiocH Ha (Jjjiamjax jionacTeH noBopoTHo-Jiona- 
cTHoro pa6onero KOJieca rpaAyHpoBKy yrjia ycTaHOBKH 
npn pa3BopOTe JionacTeH nepeHOCHT cootbctctbchho 
Ha rnnajiy ynasaTejin Ha MacjionpHCMHHKe. 3aTeM cepBo- 
motop HanpaBJiHiomero annapaTa nocjieAOBaTejibHo ne- 
peMemaiOT b hcckojibko npoMOKyTOUHbix nojionceHHH 
b o6ohx HanpaBjieHHHx. B i<a>KAOM H3 3thx nojionceHHH 
ero ocTaHaB jihb aioT h (jjHKCHpyiOT no JIHHeHKe bcjihhh- 
Hy OTKpbITHH HanpaBJiHiomero annapaTa, a no niKajie 
Ha MacjionpneMHHKe — yroji pa3BopoTa JionacTeH pa- 
6onero KOJieca. IlpH stom ycTaHaBJiHBaiOT KyjiauoK 
(kjihh) KOMOnnaTopa, cooTBeTCTByioiimH Hanopy, npn 
kotopom SyAeT nymeH rHApoarperaT. IIo AaHHbiM 
3aMepoB, cAejiaHHbix npn abhhcchhh nopniHH cepBO- 
MOTOpa HanpaBJiHiomero annapaTa Ha OTKpbiTHe h 
3aKpbITHe, CTpOHT RBQ KpHBbie 3 aBHCHMOCTH pa3BOpOTa 
JionacTeH ot otkpbithh HanpaBJiHiomero annapaTa. 

HO 3THM KpHBbIM, o6bIHHO OTJIHHaiOIAHMCH OAHa OT 

ApyroH b npeAejiax ao 0,5%, ctpoht cpeAHioio KpHByio, 
KOTopyio h cpaBHHBaioT c pacneTHOH, 3aAaHHoii 3a- 
BO AOM-H3rOTOBHTejieM. 


The piston travel for every intermediate position 
and the arithmetical mean of four measured clear 
distances between the wicket gate vanes are plotted 
on the coordinate axes and the curve showing the wicket 
gate opening versus the servomotor stroke is construc¬ 
ted. A similar curve is constructed using measurement 
data obtained during the backward travel of the piston 
that is from the “Closed” to the “Open” position. 
These two curves may be slightly misaligned (by not 
more than 0.5 per cent) and for this reason the average 
of these two curves is adopted for comparison with 
the design curve specified by the manufacturing plant 
Checking the combinator adjustment. The respective 
setting angles in turning the blades that are calibrated 

Table 1 


PERMISSIBLE VIBRATIONS OF BEARING 
SUPPORTS AND SPIDERS 


Vibration measurement points 

Vibration 
speed, rpm 

values (mm) 

at rotor 

up to 100 | 

up to 375 J 

up to 500 

Spiders with built-in guide 




bearings 

0.18 

0.12 

0.10 

Turbine bearing supports 

0.05 

0.04 

0.03 


on the flanges of the adjustable-blade runner blades 
are transferred onto the dial of the oil header indicator. 
Then the servomotor piston of the wicket gate is 
successively shifted to a series of intermediate positions 
in both directions. The piston is stopped in each of 
these positions and with the help of a straight-edge 
the opening of the wicket gate is measured and the angle 
of turn of the runner blades is fixed with the help of 
the dial on the oil header. In doing so the combinator 
cam is adjusted in accordance with the head at which 
the hydropower unit will be started. On the basis of 
measurements made while the wicket gate servomotor 
piston travelled for closure and opening two curves 
of blade turning angle versus the wicket gate opening 
are plotted. An averaged curve is plotted on the basis 
of these both curves differing usually not more than 
by 0.5 per cent, and this average curve is compared 
against the design curve specified by the manufac¬ 
turing plant. 

In case the actual curve does not coincide with the 
design one, the combinator is adjusted in comply with 
the theoretical arrangement (specified by the manu¬ 
facturing plant) by adjusting individual links of the 
drive between the governor and the cam or by changing 
the cam shape. 
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Ilpn HecoBnaAeHHH (JmKTHuecKH nojiyueHHon KpH- 
BOH C pacneTHOH KOM6HHaTOpHyiO CBH3B npHBOAHT B 
COOTBeTCTBHe C TeOpeTHUeCKOH (3aAaHHOH 3aBOAOM- 
H3roTOBHTejieM), peryjinpyH oTAejibHBie 3Bem>H nepe- 
Aann ot peryjiHTOpa k KOMbHHaTopy hjih h3mchhh npo- 
(jpHJit KyjiauKa KOMbnHaTopa. 

OnpeACJieHHe nepecTaHOBOHHbix ycHJinu b 
cepBOMOTope HanpaBJiHiomero annapaTa. Bejin- 
HHHa npeoAOJieBaioiAHx chjibi TpeHHH nepecraHOBOH- 
hwx ycHJiHH b cepBOMOTope HanpaBJiHiomero annapaTa 
cjiy>KHT KpHTepneM AJm onpeAejieHHH KanecTBa H3ro- 
TOBJieHHH h MOHTanca p eryjinpy ioiahx opraHOB. 

JfjIH 3aKpbITHH HJIH OTKpbITHH 6e3 BOAbI XOpOUIO 

cMOHTHpOBaHHoro HanpaBJiHiomero annapaTa HynceH 
nepenaA AaBjieHHH b nojiocTHX cepBOMOTopa scero 
1,5—2,0 ktc/cm 2 . 

IIjioxo cMOHTHpOBaHHbiii HanpaB jihioiakh annapaT 
npn OTKpbITHH h 3aKpbiTHH Ha OTAejibHbix ynacTKax 
ABHHceHHH TpeSyeT 3HauHTejn>HO Sojibinero nepenaAa 
AaBjieHHH. B otom cjiynae HeoSxoAHMo npoBepnTb 
ABH>KeHHe Bcex 3JieMeiiT0B chjioboh nacTH cncreMbi 
peryjiHpoBaHHH h ycTpaHHTB npHumibi, Bbi3biBaioiAHe 
yBejiHneHHbie chjibi TpeHHH. 

IlepecTaHOBOHHbie ycnjiHH onpeAeJiniOT npn nocjie- 
AOBaTeJibHOM mcajichhom nepeABHHceHHH nopuiHH cep- 
BOMOTopa BHauajie Ha OTKpbiTHe, a noTOM Ha 3aKpbi- 
THe. npn 3 tom ajih pHAa nOJIOHCeHHH nopuiHH (Jdhkch- 
pyioT no MaHOMeTpaM 3HaueHHH AaBjieHHH o ahobp eMeH- 
ho b o6enx nojiocTHX cepBOMOTopa. Pa3HOCTb sthx 
A aBjieHHH h cocraBHT BejiHHHHy nepecTaHOBonnoro 
ycHJiHH, KOTopoe npH OTcyTCTBHH b HanpaBJiHioiueM 
annapaTe boabi pacxoAyexcH tojibko Ha npeoAOJieHHe 
chji TpeHHH b peryjinpyioiAeM opraHe h b KHHeMaTHKe 
ynpaBjieHHH. 

OnpeAeJieHiie BpeMeHH 3aKpbiTHH n otkpbithh 
H anpaBJiHiomero annapaTa n pa3BopoTa jionacTeii 
paflonero KOJieca, MHoronncjieHHbiMH onbiTaMH Ha- 
jiaAKH peryjiHTOpoB ycTaHOBJieHO, hto BpeMH 3aKpbi- 
thh h orapbiTHH HanpaBjiHiomero annapaTa, oTperyjin- 
poBaHHoe npn cyxon cnupajibHOH KaMepe, oSbiuho ot- 
jinnaeTCH ot BpeMeHH 3 aKpbiTHH c boaoh He 6ojiee neM 
Ha 0,3—0,5 c. no3TOMy b noAaBJiniomeM OojibniHHCTBe 
CAynaeB npoAOJOKHTejiBHOCTh 3aKpbiTHH h otkpbithh 
H anpaBJiHiomero annapaTa npn HacTponne peryjiHTOpoB 
6e3 boabi oSbihho yAOBJieTBopneT SKcnjiyaTauHOHHbiM 

yCJIOBHHM. 

BpeMH 3 aKpbiTHH HanpaBJiHiomero annapaTa onpe- 
AejiHiOT cJieAyiomHM cnocoOoM. Ilpn nojiHOCTbio ot- 
KpbiTOM HanpaBJiHiomeM annapaTe, KorAa peryjiHTop 
ycTaHOBJieH Ha aBTOMaTHuecKoe ynpaBJieHHe, pyKOH 
Ha>KHMaiOT Ha nrjiy 30JiOTHHKa. 3 thm npoH3BOAHTCH 
SbiTpoe 3aKpbiTHe HanpaBJiHiomero annapaTa, T.e. 
ocymecTEJineTCH KaK 6bi HMHTaijHH cflpoca nojiHofi 
Harpy3KH. BpeMH nojiHoro 3aKpbiTHH HanpaBJiHiomero 
annapaTa, (|)HKCHpyeMoe cenyHAOMepoM, He aojijkho 
6biTb MeHbine pacneTHoro (3aAaHHoro 3aBOAOM-H3roTO- 
BHTejieM). IlpH noAHHTHH pyKOH Hrjibi, KorAa Hanpa- 
BJiHiomHH annapaT nojiHOCTbio 3aKpbiT, onpeAeJiniOT 
BpeMH ero otkpbithh . 


Determination of reset forces in the wicket gate 
servomotor. The reset forces that overcome friction 
in the wicket gate servomotor serve as the criterion 
for the evaluation of the quality of manufacture and 
assembly of control elements. 

The difference of pressures in both spaces of the 
servomotor required for opening or closing (without 
water) a properly assembled wicket gate is not higher 
than 1.5 to 2.0 kgf/cm 2 . 

An improperly assembled wicket gate requires a 
considerably higher pressure difference on individual 
sections of the servomotor piston travel, both for 
opening and closing. In this case the motion of all 
the elements of the power drive of the governing 
system is to be checked and the causes of high friction 
forces are to be eliminated. 

The reset forces are determined while successively 
and slowly resetting the servomotor piston first for 
opening and then for closure. In doing so the values 
of pressures in both spaces of the servomotor cylinder 
are measured simultaneously with the help of pressure 
gauges for various positions of the piston. The diffe¬ 
rence of these pressures is just the value of reset force 
which, with no water in the wicket gate, is spent only 
to overcome the friction forces in the control element 
and in the control system gearing. 

Determination of the time required for closing and 
opening the wicket gate and for adjusting the runner 
blades. Vast experience in the adjustment of speed 
governors helped in ascertaining the fact that the time 
required for closing and opening the wicket gate adjusted 
with the empty scroll case differs from the time requi¬ 
red to close the wicket gate with the scroll case filled 
with water by not more than 0.3 to 0.5 seconds. Because 
of this the time of closure and opening of the wicket 
gate when adjusting the governors without water in 
the scroll case usually meets all operational require¬ 
ments in the majority of cases. 

The time of the wicket gate closure is determined 
in the following way. With the wicket gate fully open 
and the governor set for automatic control, the slide 
valve needle is pushed down by hand. This results 
in a speedy closure of the wicket gate, that is, a sudden 
load shedding is simulated. The time required for a 
full closure of the wicket gate fixed with the help 
of a stop-watch is to be not less than the design time 
(specified by the manufacturing plant). Lifting the 
needle by hand, with the wicket gate completely closed, 
determines the time required for opening. 

The time of the wicket gate closure can be adjusted 
in many ways, depending on the governor design, 


389 



































BpeMH 3aKpbiTHH HanpaBJiHiomero annapaTa b 3a- 
bhchmqcth ot KOHCTpyKi^HH peryjiHTopa peryjiHpyeTCH 
pa3JiH^HbiMH cnocoGaMH, HanpHMep ycxaHOBKOH coot- 
BeTCTByiomero xo^a rjiaBHoro 30ji0THHKa, ycraHOBKOH 
ApoccejiBHBix maH6 b MacjionpoBO^ax cepBOMOTopoB 
HanpaBJiHiomero annapaTa n Ap- 

BpeMH pa3BopoTa Jionaeren paGonero KOJieca onpe- 
AejmioT TaK>Ke 6e3 boam npn otcocahhchhoh cbh3h 
KJ iHHa KOMSnHaTopa c cepBOMOTOpoM HanpaBJiHiomero 
annapaTa. JIjih 3xoro kjihh KOMSuHaTopa BpynHyio 
Gbicrpo nepeBOAHT H3 oAHoro KpanHero nojio>KeHHH b 
A pyroe. BpeMH pa3BopoTa jionacreH 3aMepHK)T Taione 
cenyHAOMepoM. 

BpeMH ABHH<eHHH JionacTen npn cGpocax Harpy3KH 
Aojbkho cooTBeTCTBOBaTB pacneTHOMy. 

fl, I1POBEPKA 3JIEMEHTOB 

ABTOMATHKH 

H 3AmHTJ>I ril^POArPErATA 

KorAa riiApoarperaT nycnaioT npn nojiHocTBio hjih 
nacTHHHo noAKJiioneHHBix 3JieMeHTax aBTOMaTHKH n 
3amnTBi 3 Bee 3th sjieMeHTBi nepeA nocxaHOBKon thapo- 
arperaTa Ha oGopoTBi hcoGxoahmo tia^tcjibho ncnBuaTB, 
htoGbi hckjhohhtb noAany jiohchbix HMnyjiBcoB Ha 
cni'Haji hjih aB apHHHyio ocraHOBKy. 

E[enH npeAynpeAHTejiBHOH CHrHajiH3ai|HH npose- 
pHIOT noOHepeAHBIM 3aMBIKaHHeM KOHTaKTOB COOT- 
b eTCTBy ioiahx pejie, npnneM Ha mme aBTOMaTHKH rn- 
ApoarperaTa AOJi>i<eH BBinacTB cooTBeTCTByiomHH Gjihh- 
Kep H nOHBHTBCH CHTHaJI. 

HMHTHpyn nycK h aBapHHHyio ocraHOBKy ot pa3- 
jihhhbix npHHHH, npoBepHiOT AencTBHe cxeMBi aBTO- 
MaTHnecKoro ynpaBjieHHH THApoarperaTOM. 

8-3, OCMOTP H XIPOBEPKA ftEHCTBIDI 
OTAEJIBHEIX Y3JIOB H 
MEXAHH3MOB rH^POAI PErATA 
nPH 3AnOJIHEHHbIX 
OTCACLIBAIOIHEH TPVBE H 
CnKPAJIbHOIl KAMEPE 

A. 3AnOJIHEHHE BO^OH OTCACbIB AKHREM 
TPyBtl H CHHPAJIbHOft KAMEPW 

OTcacBiBaiomyK) Tpy6y h cirapajiBHyio KaMepy 
3anojiHHK)T boaoh nocjie Bcex nposepOK h ocmotpob, 
onncaHHBix BBiine. Ilpn stom MacjioHanopHan ycra- 
HOBKa H CHCTeMa peryJIHpOBaHHH AOJIHCHbl HaxOAHTBCH 
b paGoueM coctohhhh, a HanpaBJiniomHH annapaT 
AOJiHceH Gbitb 3ai<pbiTbiM h ctohtb Ha cronope. Bee 
BeHTHJIH IIHTaHHH BOAOH H3 CIIHpaJIBHOH KaMepBl TaKHCe 
AOJDKHBI GBITB 3aKpBITBI. 

3anojiHeHHe BOAHoro TpaKxa, nan npaBHJio, Ha*m- 
HaeTCH c 3aTonjieHHH OTcacBiBaromeii TpyGbi. 3aTonHB 
OTcacBiBaiomyio ipyGy, TmaTejiBHO ocMaTpHBaioT Bee 
MeCTa, TAO B03M0HCHBI IIpOTeHKH, HTOGbl yGeAHTBCH B 
HX OTCyTCTBHH. 


for instance, by an appropriate adjustment of the 
main slide valve stroke, by installing throttle diaphragms 
in the oil pipelines of the wicket gate servomotor, ete ; 

The time required for the adjustment of the runner 
blades is also determined without water in the scroll 
case, and with the combinator cam disconnected from 
the wicket gate servomotor. For this purpose, the 
combinator cam is quickly shifted from one end position 
to another manually. 

The time of blades turning is also measured with 
the help of a stopwatch. The motion time of the blades 
at load shedding must comply with the specified values. 

E. CHECKING THE AUTOMATIC-CONTROL 
ELEMENTS AND THE PROTECTIVE GEAR 
OF THE HYDROPOWER UNIT 

When a hydropower unit is to be started with all 
or some of the automatic-control and protective systems 
connected, all the elements of these systems are to 
be thoroughly checked and tested prior to starting the 
power unit in order to eliminate false signals or emer¬ 
gency shut-down pulses. 

The warning signalling circuits are checked by 
closing in turn the contacts of corresponding relays, 
which must actuate the corresponding drop indicator 
on the control board and cause and appropriate signal. 

The functioning of the hydropower unit automatic 
control circuits is checked by simulating the unit 
start and emergency stop under different conditions. 

8-3. EXAMINATION AND CHECK-UP 
OF INDIVIDUAL ASSEMBLIES 
AND MECHANISMS OF HYDROPOWER 
UNIT WITH THE DRAFT TUBE 
AND SCROLL CASE FILLED 
WITH WATER 

A. DRAFT TUBE 
AND SCROLL CASE FLOODING 

The shaft tube and the scroll case are filled with 
water on completion of all the above-described checks 
and examinations. In the process the oil-pressure plant 
and the speed governing system are to be in good 
working order and the wicket gate is to be closed and 
locked. All the valves supplying water from the scroll 
case are to be also closed. 

Flooding of water passages is started as a rule from 
the draft tube. Upon flooding the draft tube all the 
joints where leaks may be expected are to be carefully 
examined for condition. 
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BoAa b OTcacBiBaiotqyio TpyGy noAaercH nepe3 
me jib, o6pa30BaHHyio mokay noporoM h hoahhtbim Ha 
5—10 cm 3BeH0M muTa OTcacBraaiomeH TpyGbi. Bnoc- 

JieACTBHH UJHT nOAHHMaeTCH nOJIHOCTBK). 

Ilocjie 3Toro npHCTynaioT k 3anojiHeHHio boaoh 
CIIH paJIBHOH KaMepBl. IIpH 3T0M aojihcch Gbitb oGec- 
nenen AKCTaHijHOHHBiH cGpoc iahtob H3 MauiHHHoro 
3ajia hjih ycTpoeHa HaAOKHan cbh3b c jihaom, npoH3- 
boahiahm iioa'bcm iimra. 

HtoGbI B03AYX MOr CnOKOHHO BBIXOAHTB H3 BOAO¬ 
BOAa h cnHpajiBHOH KaMepBl, HanojmeHne hx npoH3- 
boaht MeAJieHHO, oGbihho b Teueime 1—2 u, b 3aBH- 
chmocth ot cmkocth BOAOBOAa. JIjih 3Toro iaht Hanop- 
Horo BOAOBOAa noAHHMaiOT tojibko Ha 5—10 cm, a 
ocTaJiBHOH noA'BCM, kotopbih npH npoGHOM nycKe 
AejiaeTCH hciiojihbim, npoH3BOAHTCH nocjie 3aTOiuieHHH 
CIIHpaJIBHOH KaMepBl BOAOH. 

IIpH HaAHHHH oGboahoto TpyGonpoBOAa (Gannaca) 
cnHpajiBHyio KaMepy 3anojiHHK)T npn ero noMouin • 

B. OCMOTP H OflPOBOBAHIIE 

OTJIEJTBHBIX 

Y3JIOB H MEXAHII3MOB 

3anojiHHB boaoh cnHpajiBHyio KaMepy, TtnaTejiBHO 
ocMaTpHBaioT Bee conpHHceHHH Ha KpBiuiKe h noA- 
niHiiHHKe TypGnHBi, a TaK>Ke Ha nan(j)ax jionaTOK Ha- 
npaBjiaiomcro annapaTa, htoGbi yGeAHTBCH b otcytctbhh 
HeAonycTHMO Gojibhihx npoTeneK. KpoMe 3Toro, KorAa 
BOAa k rHApoTypGnHe noABOAHTCH HanopHbiM TpyGo- 
npoBOAOM, nocjieAHHH HesaBiicuMO ot npoBeACHHbix 
paHee ncnbiTaHHH TmaTejiBHO ocMaTpHBaioT Ha npeAMeT 
OTcyTCTBHH b ero 3BeHBHx h cajiBHHKOBBix ynjiOTHe- 
HeHHHx npOTeueK. IIpH stom npoBepHiOT h onopbi 
TpyGonpoBOAa. 

yGeAHBHIHCB B HCnp aBHOCTH BOAonoABOAHiAoro 
TpaKTa, npHCTynaioT k npoBepne aohctbhh otacjibhbix 
ycTpoficTB npn 3anojiHeHHoii cnHpajiBHOH KaMepe. IIpo- 
BepmOT AOHCTBHe BOAOOTKaUHBaiOIimX c KpBIHIKH Typ- 
GhHBI ycrpOHCTB, BeHTHJIH nOAaHH BOABI Ha TypGHHHBIH 
noAiunnHAK h noAaun, Macjia b MacjiHHbie BaHHBi, a 
TaK>Ke B03AyxooxjiaAHTejiH THAporeHepaTopa h bcio 
BOAOCHaGncaiomyio ceTB. KpoMe Toro, KOHTpojinpyiOT 
ACHCTBHe aBapHHHoro cGpoca iahtob HanopHoro boao- 
BOAa h (J)HKCHpyiOT BpeMH onopo>KHeHHH cnnpajiH. 

y rHApoTypGHH c xojioctbimh BBiiiyCKaMH npoBe- 
pmoT TaKJKe nocjieAOBaTejibHO yBejiHHHBaeMbie cGpocbi 
boabi uepe3 sth BbinycKH, (|)HKCHpyH BpeMH hx 3a- 
KpBITHH. 

Ilocjie BBinojiHeHHH Bcex 3 thx paGoT rHApoarperax 
OKOHnaTeHBHO noAroTOBJiHiOT k nycKy. 


Water is supplied to the draft tube through a slit 
formed between the sill and the draft tube gate section 
raised 5 to 10 cm above the still. Later on the gate is 
raised completely. 

Thereupon, the scroll case is filled with water. In 
the action, remote control of gates lowering must be 
provided from the machine room, or a reliable com¬ 
munication with the person responsible for the gate 
raising should be ensured. 

To provide for a slow escape of air from the pen¬ 
stock and scroll case they are to be filled slowly. It 
usually takes 1 or 2 hours to flood them, depending 
on the penstock and scroll case holding capacity. 
For this purpose, the penstock gate is raised by 5 to 
10 cm only and its further lifting is made after the scroll 
case is flooded. The penstock gate is not raised to full 
height during test starts. 

If a by-pass pipeline is provided in the power 
plant, the scroll case is filled through this by-pass. 

B, EXAMINATION AND CHECK-UP 
OF INDIVIDUAL ASSEMBLIES AND 
MECHANISMS 

On filling the scroll case with water, all the joints 
on the turbine headcover and the guide bearing and 
also on the wicket gate stems are to be thoroughly 
examined for leakage. Besides, in case water is supplied 
to the turbine through a penstock, the latter is to be 
carefully examined, irrespective of tests carried out 
previously, to make sure that no leaks occur in its 
sections and gland seals. Alongside with this the pen¬ 
stock supports are to be examined. 

Having made sure that the water passages are in 
good working order, checks of functioning of indivi¬ 
dual arrangements are started, with the scroll case 
filled with water. The headcover pumps are checked 
for reliable pumping-out of water, the valves passing 
water to the turbine and oil to the oil baths, and the 
generator air coolers and the entire service water 
supply system are checked for condition. Besides, the 
penstock gate emergency dropping system is checked 
and the time required for the scroll case emptying is 
measured. 

In turbines with waste water valves the water 
releases through these valves are checked by successi¬ 
vely increasing the releases and recording the time 
required for closing the valves. 

On completion of all these checks the hydropower 
unit is finally prepared for starting. 
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8-4* npOBHbiH nycK 
FHftPO AFPEFAT A 

HenocpeMCTBeHHO nepeA nepBbiM npoSHbiM nycKOM 
rHApoarperaTa hco6xoahmo BbinojiHHTb cneAyiomee: 

1) ocMOTpeTt AeJiocTHOCTb npeAOxpaHHTejiBHbix ycr- 
poHCTB Ha HanpaBJiHiomeM annapaTe; 

2) bkjhohhtb noAany cmh3KH k noAUiHiiHHKaM h 
jiaSnpHHTaM, otkpbitb Bee onepaTHBHbie bchthjih ch- 
cTeMbi peryjinpoBaHHH, onpofioBaTb T0pM03a rHApo- 
arperaTa h ySeAHTBCH b tom, hto mokay TopM03HbiMH 
KOJIOAKaMH h ahckom ecTb Heo6xoAHMbiH 3a30p; 

3) 3aMepHTb COnpOTHBJieHHH H30JIHIJHH Bcex o6mo- 
TOK rHAP0 reHe P aT0 P a H er0 CHCTeMbI B036y>KACHHH, 
npOBepHTb AeHCTBHe TepMOMCTpOB COnpOTHBJieHHH KOH- 
TpojiH TeMnepaTypbi cerMeHTOB noAHinnHHKOB h noA“ 
nHTHHKa rHApoarperaTa, nepeA nycnoM otbccth h 
3aKpenHTb ot pacKanHBaHHH meTKH Ha KOJiJieKTOpax 
H KOHTaKTHbIX KOJitijax; 

4) paCCTaBHTb xopoxno np OHHCTpy KTHp OBaHHBIH 
nepcoHaJi no oTBeTCTBeHHbiM nocTaM; 

5) y rHApoarperaTOB c npnHy ahtc jibhbim co3AaHHeM 
npn nycne MacjiHHOH njieHKH sa hcckojibko MHHyx ao 
nycna bkjhohhtb noA^ny Macjia noA A^BjieHHeM k 
TpymnMCH noBepxHocTHM A HCKa H cerMeHTOB noA - 

nnTHHKa. 

riepBbiH nycK rHApoarperaTa penoMeHAyerc h npo- 
boahtb BpynHyio MexaHH3MOM pynHoro peryjinpOBaHHH 
HJIH OrpaHHHHTeJieM OTKpbITHH. UpH 3TOM HanpaBJIHK)- 
mm annapaT 6bicrpo oTKpbiBaioT ao nojio>KeHHH, 
HecKOJibKO 6ojiBHiero, neM to, KOTopoe cooTBeTCTByeT 
xonocTOMy xoay, saxeM cpasy >ne npHKpbisaiof ao 
HOJ ionceHHH MeHbinero, neM cooTBeTCTByiomee xojio- 
CTOMy xofly, HaSnpaa npn stom 75-80% o6o P otob ot 

HOMHHaJIBHMX. TaK3H MaHHIiyJlHI^HH C OTKpbITHeM H3- 
npaBJiHiomero annapaTa no3BOJiHeT SticTpo naopaxL cko- 
pocTB Bpan^eHHH, hto SitaronpHHTHo bjihhct Ha Bcnjibi- 
BaHHe noAHHTHHKa. KpOMe Toro, npn 3TOM Jiynme 
npOMbiBaiOTCH nonaBHine k jionaTKaM HanpaBJiHiomero 
annapaTa nepes copoyAep>KHBaiomyio pemeTKy Mejinne 
npeAMCTbi, hto HCKJiionaeT nojiOMKy npeAOxpaHHTeJib- 
Hbix ycTponcTB Ha jionaTKax HanpaBJiHiomero annapaTa. 

Ha oSopoTax b 75—80% ot HOMHHajibHbix nmpo- 
arperaT AcpncaT oSbihho 30—60 mhh, 3axeM cuopocTb 
ero BpameHHH aoboa^t ao HOpMajiBHOH. Bo Bee sto 
BpeMn HenpepbiBHO HaOjnoAaiOT 3a TeMnepaTypon cer¬ 
MeHTOB noAninnHHKOB n no AnHTHHKa, sanncbiBan ee 
b TeneHHe nepBBix 10 — 15 mhh nepes KancAbie 2 mhh, 

a 3aTeM nepe3 5—10 mhh. 

TeMnepaTypa b cerMeHTax noAHHTHHKa h noAninn- 
hhkob y HopMajibHO pa6oTaiomHx THApoarperaTOB 
oSbIHHO CpaBHHTeJIBHO ObICTpO, HO paBHOMepHO nOBbl- 
uiaeTCH b Tenenne nepBoro naca, a noTOM b TeneHne 
nocjieAyioiAHX nojiyTOpa-AByx nacoB oHa B03pacTaeT, 
Kan npaBHJio, tojibko Ha 5 — 10 h ycTanaBJiHBaeTCH 

nOCTOHHHOH. 


8-4. TRIAL START 

OF THE HYDROPOWER UNIT 

Prior to the trial start, the following should be done: 

1) check the safety devices of the wicket gates for 
condition; 

2) actuate the supply of lubrication oil to bearings 
and labyrinth seals, open all the operational valves of 
the governing system, test the hydropower unit brakes 
and make sure that the required clearance is provided 
between the brake shoes and the disk; 

3) measure the insulation resistance of all the 
windings of the generator and excitation system, check 
the resistance thermometers of the thrust and guide 
bearing pads for serviceability and prior to starting 
unit back out the brushes and secure them on the 
commutators and slip rings to prevent their chat¬ 
tering ; 

4) place well instructed personnel at important 
posts; 

5) actuate forced oil feed to friction surfaces of 
the disk and the thrust bearing pads several minutes 
prior to starting the hydropower units in which pro¬ 
vision is made for forced formation of oil film. 

It is recommended to start the power unit for the 
first time by hand using the manual control mechanism 
or the opening limiter. In doing so, the wicket gate is 
opened quickly to the position slightly ahead of the 
no-load run position and then it is instantly closed 
to a position slightly behind the no-load run position. 
In the process, the unit must gain 75 to 80 per cent 
of the rated speed. Such a manipulation with the wicket 
gate makes it possible to quickly gain speed, this being 
beneficial for the thrust bearing flotation. Besides, 
this provides for better flushing of small objects pene¬ 
trating through the trash racks to the wicket gate 
vanes, this preventing breakage of the safety devices 
on the wicket gate vanes. 

The power unit is usually kept running at a speed 
75 to 80 per cent of the rated value for 30 to 60 minutes. 
Then its speed is brought up to the rated value. All 
the time the temperature of the thrust bearing and 
guide bearings pads is checked and recorded. The 
temperature readings are recorded every 2 minutes 
during the first 10 to 15 minutes and then every 5 to 
10 minutes. 

Usually the temperature in the thrust bearing and 
guide bearings pads of normally running hydropower 
units increases rather rapidly but uniformly within 
the first hour of operation, where upon it rises, as a 
rule, only by 5 to 10°C within the next 1.5 to 2 hours 
until it reaches a steady state value. 
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OxjiajKAaioiAyio BOAy b noAnnTHHK h hoahihhhhkh 
noAaiOT oObiuho nocjie Toro, nan TeMnepaTypa Macjia 
b BaHHe AOcraraeT 25—28°C, T.e. o6biuho nocjie 10— 
15 mhh paSoTbi rHApoarperaTa. 

y CTaHOBHBiHHecH Ha xojioctom xoAy rHApoarpe¬ 
raTa TeMnepaTypbi cerMeHTOB noAnaraHKa h noAninn- 
hhkob He aojdkhbi npeBbiinaTB 65—66°C, Tan kslk 
ofiycjiOBJieHHoe C/raHAapTOM CCCP MaKCHMajiBHo Aony- 
CTHMoe 3HaueHHe TeMnepaTyp npn Harpy3Ke — 70°C. 

B nepHOAj KorAa b noAnaTHHKe h noAHiHnHHKax 
ycraHaBjiHBaeTca nocroaHHaa TeMnepaTypa, Ha arpe- 
raTe TinaTeaBHO ocMaTpHBaiOT h npocjiyniHBaiOT pa6o- 
Taiomne y3Jibi h A^JiaioT H3MepeHHH. 

B naCTHOCTH, HHAHKaTOpaMH HJIH OeCKOHTaKTHBIMH 
AaTHHKaMH c 3anncbio Ha ocqHjuiorpaMMy 3aMepaiOT 
OneHne Bana b pa3jiHUHbix ceneHHax, SneHHe kojijick- 
TopoB h KOHTaKTHbix KOjieij, npoBepaiOT BK6paiJHIO 
no AUIHnHHKOB BIX onop H KpeCTOBHH H Cp aBHHB aiOT 
nojiyuemibie BeJiHumibi c Aony cthmbimh, npHBeAOH- 
hbimh B Tafiji. 14 h 18 H B § 5-13 n.B. KpOMe Toro, 
onpeAOJiaioT, HeT jih npoTeneK b Macao-H BOAOTpySo- 
npoBOAax h eMKOCTax. 

ITocae 3 — 5 n pafioTBi Ha xoaocTBix ofiopOTax mjxpo- 
arperaT peKOMeHAyeTca ocTaHOBHTB h TinaTeabHo ocmo- 
TpeTb Bee y3Jibi, ocofieHHo Bee MexaHHuecKne Kpenae- 
hhh pOTopa THAporeHepaTopa h ero CBapHbie coeAH- 
HeHHH, a TaK>Ke B03Ayxopa3AejiHioiijHe iahtbi craTopa 
h Apyrne y3Jibi, KOTopbie noABepraiOTcn nyjibcnpyio- 
iahm Harpy3KaM. Ha ocTaHOBaeHHOM THApoarperaTe 
3aMepmoT MerrepOM conpoTHBJieHHe h30hhahh Bcex 
oOmotok rHAporei-iepaTopa. 

OcTaHOBKy ocymecTBJiHioT nojiHbiM 3aKpbiTHeM Ha- 
npaBHHioiAero annapaTa h BKJnoueHHeM TOpMo>KeHHH 
npn CKopocm BpameHHH rHApoarperaTa, paBHOH 30— 
35% OT HOMHHajIbHOH. 

Y THAporeHepaTopoB c npHHyAHTeabHOH noAauen 
Macaa k TpymnMCH nacTHM noAnHTHHKa nepeA ocTa- 
hobkoh BKjnonaeTCH ycTponcTBo, noAaioinee MacJio. 

8-5. HCnLITAHHE FH^POAFPEFATA 
HA XOJIOCTOM XO^y H B 
HEHOflBHiKHOM COCTOHHIIIX 

A. BTOPOH IiyCK FHAPOAFPEl ATA 

TmaTejibHo ocMOTpeB rHApoarperax, ocraHOBJieH- 
hbih nocjie npofiHOH npoKpyTKH b xeuei-me 3 — 5 n, h 
y6eAHBUIHCb B OTCyTCTBHH KaKHX 6bl TO HH 6bIJIO 
HencnpaBHOCTeH b y3Jiax h AOTajinx, npncxynaiOT ko 
BTopoMy nycKy, noAroTaBJiHBan ero Tan >Ke, KaK h 
nepeA npofiHbiM nycKOM. nocjie BToporo nycna thapo- 
arperaT nepeBOAHT Ha aBTOMaranecKoe peryjiHpoBaHne. 

IlepeBecTH peryjiHTop Ha aBTOMaxHuecicoe ynpaBjie- 
HHe MO>KHO TOJIBKO B TOT MOMeHT, KOTAa ero TJiaBHBIH 


Cooling water is usually supplied to the thrust 
bearing and to the guide bearings after the tempera¬ 
ture in the oil bath reaches 25 to 28°C, that is, after 
10 to 15 minutes of the hydropower unit operation. 

The steady state temperatures of the thrust bearing 
and guide bearing pads obtained during the no-load 
run of the hydropower unit should not be in excess 
of 65 to 66°C since the maximum temperature rise for 
the power unit under load stipulated by the Standards 
in force in the USSR, is 70°C. 

During the period when a steady state temperature 
is settled in the thrust and guide bearings, all the 
operating assemblies of the power unit must be thor¬ 
oughly examined and appropriate measurements made. 

For example run-out of the shaft at different cross- 
sections and run-out of the commutators and slip 
rings are to be measured with the help of dial gauges 
and contactless transmitters, vibration of the bearing 
pedestals and spiders is checked and compared with 
values specified in Tables 14 and 18 and in Section 
5-13, Subsection B. Besides, oil and water pipelines 
and tanks are to be checked for leakage. 

It is recommended to shut down the power unit 
after 3 to 5 hours of no-load run and to carefully 
examine all the assemblies and parts, especially all 
the mechanical fastenings of the hydrogenerator rotor 
and its welded joints, as well as the stator air baffles 
and other parts that are liable to take pulsatory loads. 
Insulation resistance of all the hydrogenerator windings 
is measured with the help of megger, with the generator 
shut down. 

The power unit is to be shut down by completely 
closing the wicket gate and applying brakes at the 
generator speed of 30 to 35 per cent of the rated speed. 

In hydrogenerators with forced feed of oil to the 
friction surfaces of the thrust bearing the oil-supply 
plant is to be switched on prior to stopping the power 
unit. 

8-5. NO-LOAD TEST 
OF POWER UNIT 
WITH STALLED ROTOR 

A. SECOND START 

After the hydropower unit is shut down upon a 
trial run for 3 to 5 hours and troubles located and 
eliminated, it is prepared for on-load starting proceeding 
in the same manner as before the trial start. After the 
unit is started, it is changed over to automatic control. 

The speed governor may be switched over to auto¬ 
matic control only at the instant its main slide valve 
is in the middle position. Speed governors that are not 
fitted with a manual control mechanism are changed 
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HcnbiTaHHH b binpHMjieHHbiM HanpH>KeHHeM h Han- 
pH>KeHHeM npoMbimjieHHOH ^acTOTbi nan 6 bi flonoji- 
hhiot Apyr Apyra, TaK KaK MecTHbie Ae<J)eKTbi h tokh 
yTe^tKH Ka>KAOH (j)a3bl, KOTOpbIX HCJIB3H BbIHBHTB npn 
HcnbiTaHHH HanpH>KeHneM npoMbimjieHHOH uacroTbi, 
MoryT 6 biTb BbiHBJieHbi HcribiTaHHeM BbinpHMJieHHbiM 
HanpHHceHHeM. 

HcnbiTaHHH npoBOAHT Ha raAporeHepaTope, KorAa 
o 6 MOTKa ero HarpeTa a o TeMnepaTypti, 6jih3koh k 
paSonen. CiaTop , o 6 MOTKa KOToporo HcnbixaHa ao 
onycKaHHH b Hero pOTopa, nocjie OKOHnaHHH MOHTa>Ka 
noABepraiOT HcnbiTaHHH) HanpHHceHHeM, paBHbiM 75% 
ot HcnbiTaTejibHoro, npeAycMOTpeHHoro Tafiji. 9. 3to 
HcnbiTaHne oGbihho npoBOA^T nocjie npobHoro nycna 
h noAorpeBa oSmotkh b penoiMe, KopoTKoro 3aMbi- 
KaHHH hjih BeHTHJiHAHOHHbiMH noxepHMH. HcnbixaHHe 
oGmotok cTaTopa BbinpHMJieHHbiM Hanpn>KeHHeM ac- 
JiaiOT KeHOTpOHOM C H3MepeHHeM TOKa yTeHKH B Ka>K- 
AOH (J)a3e. 

HopMbI BeJIHHHH BbinpHMJieHHOrO HanpHHCeHHH 
npHBeAeHbi b Tadji. 19. 


Ta6 jiHAa 19 

BEJIBMMHA BMOPMMJIEHHOFO 
HCnMTATEJlbHOrO HAlIPJIHtBHHH UVB 
HCnWTAHHHX OE MOTOR CTATOPA 


MoiUHOCTfe 

reHepaTopa, 

kB-A 

HoMHHajiBHoe JiHueimoe 
HanpHJKemie , B 

Bejm^Hna BbinpHMJieHHoro 
HanpH JKeHHK , B 

MeHee 1000 

Bee HOMHHajiBHbie 

1,2 (2U H om + 1000 B), 


HaupH>KeHHH reHe- 
paTopOB 3 toh rpyn- 
nti 

ho He MeHee 1800 B 

Ot 1000 h 

JA O 3000 B BKJIIOHH- 

1,2 (2U H om + 1000 B) 

6ojiee 

TejILHO 


JAo 6600 B 

2,2 (2,5Uhom) 


CBBime 6600 B 

1,15 (2Uhom + 3000 B) 


BbmpHMJieHHoe HcnbiTaTeubHoe HanpnHceHHe noA- 
HHMaiOT njiaBHO no CTyneHHM 25, 50, 75 h 100% ot 
nojiHon BejiHHHHbi HcnbiTaTejibHoro Hanpn>KeHHH, H3- 
MepHH Ha Ka>KAon cTyneHH tokh yTemoi. 

noA nojiHbiM HcnbiTaTejibHbiM nanpHJKeHneM reHe- 
paTop HaxoAHTCH b npoAOJiH<eHHe 1 mhh; nocjie SToro 
HanpHJKeHne cmmaeTCH. 

BejiHHHHa TOKa yTenKH HopMaMH He perjiaMenra- 
pOBaHa. Ecjih hsojihahh xopoman, to yTenKH TOKa no 
Mepe 3apHAKH 6yAyT yMeHBinaTBCH. Ecjih no BpeMH 
BblA^pJKKH o6mOTOK nOA HanpHH<eHHeM TOK yTeHKH 
6yAeT yBejiHHHBaTbCH, ' to HOibrraHHH cjieAyeT npe- 
KpaTHTB H oSMOTKy nOABeprHyTB AOnOJIHHTeJIBHOH 
cyniKe. 

HcnbiTaHne BJieKTpHnecKOH nponHOCTH h30jihahh 
oSmotkh craTopa noBbimeHHbiM HanpHHceHHeM npoMbim- 
jieHHOH nacTOTbi npoBOAHTcn ot nocTopoHHero hctoh- 
HHKa nepeMeHHoro TOKa. 


The tests under a rectified voltage and a comms% 
cial-frequency voltage are complementary to each other 
because local faults and leakage currents in each phase 
which cannot be revealed during commercial-frequency 
voltage tests can be detected by testing under a rectified 
voltage. 

The tests are conducted on the generator when its 
winding is heated up to a temperature close to the 
operational one. The stator whose winding has been 
tested prior to lowering the rotor into it is to be tested 
after the erection at a voltage 75 per cent of that speci¬ 
fied in Table 9. Usually this test is carried out after the; 
trial start and heating-up of the winding by short- 
circuit currents or by windage losses. The stator wind¬ 
ings are tested by rectified voltage with the help of a 
vacuum-tube rectifier with leakage current measured 
in each phase. 

The standard values of rectified voltage are given 
in Table 19 below. 


Table 19 

RECTIFIED VOLTAGE 

FOR HIGH-VOLTAGE 

TEST OF THE STATOR WINDINGS 


Generator 

output, 

kWA 

Rated line voltage, 

V 

Rectified voltage, 

V 

Less than 
1,000 

1,000 and 
over 

All rated voltage of 
generators of this 
group 

Up to 3,000 V inclu¬ 
sive 

Up to 6,000 V inclu¬ 
sive 

Above 6,600 V 

1.2(2 Ur -f 1,000 V), 
but not less than 1,800 Y 

1.2 (2 U r + 1,000 V) 

2.2 (2.5 U r ) 

1.15(2 U r -f 3,000 V) 


The rectified test voltage is raised smoothly in steps 
of 25, 50, 75 and 100 per cent of full value of the test 
voltage, measuring the leakage current at each vol¬ 
tage step. 

The generator is maintained at the full test voltage 
for one minute, then the voltage is removed. 

The values of leakage current are not specified. 
With good insulation current leakages will decrease 
as the high voltage is applied. In case the leakage cur¬ 
rent increases during the high-voltage test the test 
should be discontinued and the winding subiected to 
additional drying. 

The high-voltage test of the stator winding at a 
commercial frequency is carried out using an external 
a.c. source. 

In order to obtain a sinusoidal shape of the test 
voltage curve, the test transformer is to be connected 
across the line voltage but not across a phase lead and 
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JIjih obecneneHHH cHHycoHAajibHOH (jjopMbi kphboh 
H cnbiTaTejibHoro HanpmKeHHH HcnbiTaTeJiBHbiH TpaHC- 
(JjopMaTop cjieAyeT noAKjnonaTb Ha jiHHenHoe nanpu- 
>KeHne, a He Ha 4 >a 3 y h HyjiB. IlepeA HcnbrraHHeM HaAo 
o0H3aTejiBHo npoBepHTb HaAe>KHOCTB 3a3eMjieHHH CTa¬ 
Topa, T.e. HaAOKHOCTB COeAHHeHHH ero C KOHTypOM 

3a3eMJieHHH T3C. 

noAHHMaioT HcnbiTaTejibHoe Hanpn>KeHHe BecbMa 
aKKypaTHO, Aanan BHauajie 30% nojiHoro HoibrraTejiB- 
Horo HanpHJKeHHH, a 3aTeM njiaBHO noAHHMan ero ao 
B epxHHx rpamnj, uto6bi hmctb bo3MO>khoctb oTcueTa 
noKa3aHHH H3MepHTejibHbix npnOopoB. 

npOAOJI>KHTeJIBHOCTB HaXOJKACHHH ofiMOTKH nOA 
nojiHbiM HcnbiTaTejibHbiM Hanpn>KeHHeM perjiaMeHTH- 
poBaHa (nY3) h cocTaBJineT 1 mhh. 

HcnbiTaTejibHoe Hanpn>KeHHe 3aMepmoT Ha bbico- 
koh CTopoHe HcnbiTaTejibHoro TpaHC<f)opMaTopa uepe3 
H3MepHTeJIBHbIH TpaHC(J)OpMaTOp HanpH>KeHHH. H3Me- 
peHHe BejiHHHHbi HcnbiTaTejibHoro nanpH>KeHHH ncejia- 
TeJIBHO no B03M0H<H0CTH npOH3BOAHTB C nOMOHJBK) 
KHjioBOJiBTMeTpa, He nojiB3yHCB nepecneroM. 

IIpH HcnbiTaHHHX noBbimeHHbiM HanpHHceHHeM npo- 
MbinuieHHOH uacTOTbi iieofixoAHMo TiitaTejiBHo nosepHTB 
HaAOKHOCTB npeAOXpaHHTeJIBHbIX yCTpOHCTB, TaK KaK 
npn cropaHHH npeAoxpaHHTejien b 30He HanpHHceHHH, 
6jiH3Koro k HcnbiTaTejibHOMy, 6yAyT BcnnecKH Hanpn- 
HCeHHH, KOTOpbie MoryT npHBeCTH K npoSoK) H30JIHIJHH. 
Ecjih bo BpeMH HcnbiTaHHH npoH3oiiAeT npodon H30- 

JIHIJHH o6mOTKH, KOTOpblH XapaKTepH3yeTCH pe3KHM 
naAeHHeM HanpH>KeHHH, HaAo HanpHHceHHe chhtb ao 
HyjiH, 3aTeM, cofijnoAan Bee npaBHJia 3JieKTpo6e3onac- 
HOCTH, paCCTaBHTB nOCTbl Ha 6 jIK>AeHHH H nOBTOpHO 
noAHHTB HanpH>i<eiiHe BH3yajiBHoro ocMOTpa Mecra 

npofiOH. IIpH HeB03M0>KH0CTH OnpeACJIHTb MeCTO npo- 
6oh peKOMeHAyeTCH Aop>KaTB odMOTKy noA Hanpnnce- 
HiieM OojiBinee BpeMH, htoSbi b MecTe npofion nojiy- 
hhtb 3 aMexHbin rjia 3 a npo>Kor. Ecjih npoSon 

npOH3omeji b na30BOH nacTH hjih 6jih3ko ot na3a, 
to noBpe>KACHHe ycTpaHHiOT jih6o 3aMeHon cTep>KHH 
hjih KaTyniKH, jih6o ycTaHOBKOH nepeMbiHKH. Ecjih nee 
npodoH o 6 Hapy>KeH b rojioBKe, to noBpencAeHHH ycTpa- 
hhiot ee nepeH3OJinpoBK0H. 

JIo HcnbiTaHHH h nocjie Hero hco6xoahmo H3MepHTB 
MerrepoM conpoTHBJieime h30jihahh oSmotkh h chhtb 
K pHByio a 6 cop 6 AHH. Ha coOjnoAeHne Bcex npaBHJi 
xexHHKH 6e3onacHocm npn stom oSpanjaeTCH ocofioe 
BHHMaHHe. 

HcnbiTaHHH h30jihahh oSmotkh 
nojiiocoB poTopa. Bee poTopbi bhobb cmoh- 
THpoBaHHbix THApoarperaTOB HenocpeACTBeHHo nepeA 
bboaom rHApoarperaTOB b SKcnjiyaTaumo aojbkhbi 
6 biTB HcnbiTaHbi Ha HaAOKHOCTB ojieKTpHnecKOH npon- 
HOCTH H30JIHAHH 06 MOTKH nOJIIOCOB. H30JIHAHH nOJIIO- 
COB CKJIOHHa K SbICTpOMy yBJia>KHeHHIO, npH KOTOpOM 
pe3KO cHHHcaeTCH ee ajieKTpHnecKa h nponHOCTB. KpoMe 
Toro, npn HcnbiTaHHHX rHApoarperaTa Ha xojioctom 
xoAy u,eHTpo 6 e>KHbie chjibi MoryT noBpeAHTB H30JIH- 
Ahk) b ee cjiaGbix MecTax. 3 to othochtch h k tcm poto- 
paM, h30Jihahh nojiiocoB KOTOpbix HcnbiTaHa nocjie 
cSopKH Ha cSopoHHOH njiom;aAKe hjih HenocpeACTBeHHo 
b KpaTepe ao nocraHOBKH rHApoarperaTa Ha obopoTbi. 


the neutral. Prior to the test the reliability of the stator 
earth (that is, the reliability of the stator connection 
to the hydroelectric plant earthing circuit) must be 
checked. 

The test voltage should be increased most carefully, 
applying first 30 per cent of the total test voltage and 
raising it smoothly up to the maximum so as to be 
able to take readings off the measuring instruments. 

The high voltage, as specified by the Standards, 
should be applied for one minute (see the Regulations 
for Electrical Installations Operation and Mainte¬ 
nance). 

The test voltage is to be measured on the high- 
voltage side of the test transformer with the instru¬ 
ment connected through potential transformer. If pos¬ 
sible, it is desirable to carry out measurements of the 
test voltage with the help of a kilovoltmeter, without 
scaling. 

While testing the winding insulation with commer¬ 
cial-frequency high voltage, the reliability of safety 
fuses is to be thoroughly checked since blowing-out 
of fuses at voltages approaching the test value causes 
voltage surges which may result in insulation break¬ 
down. In case the winding insulation breakdown 
occurs during the tests (such a breakdown is charac¬ 
terized by a sharp voltage drop), the voltage should 
be dropped to zero and then, meeting all requirements 
of the safety rules, observers are to be placed on posts 
and the voltage is to be again raised for visual inspec¬ 
tion of the breakdown point. In case the breakdown 
place cannot be revealed, it is advisable to expose the 
winding to high voltage for a longer time until a burnt 
spot visible to the eye is obtained at the point of break¬ 
down. If breakdown has occurred in the slot portion 
or near the slot, the truble is to be eliminated either 
by replacing the bar or the coil, or by installing a jum¬ 
per. In case breakdown has occurred in the head, the 
latter should be re-insulated. 

Prior to and after the high-voltage test the winding 
insulation resistance is to be measured with the help 
of a megger and an absorption curve is to be taken. 
Special attention is to be given to observing all 
safety rules during these tests. 

High-voltage tests of the rotor 
field coils. All the rotors of newly assembled 
generators are to be tested just prior to putting the 
hydropower unit into operation for the electric strength 
of the field coil insulation. The field insulation is 
prone to quick moistening which results in a sharp 
decrease of its electric strength. Besides centrifugal 
forces developing during the no-load operation of the 
hydropower unit may injure the insulation in the most 
weak spots. This is also true for a rotor whose insulation 
has been tested on completion of the rotor assembly 
on the erection platform or directly in the unit pit 
prior to the power unit start. 
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npH HCnbITaHHHX H30JIHAHH 06 MOXKH nOJIIOCOB 
pOTOpa (npH OTBeACHHBIX meTKaX KOHTaKTHbIX KOJieij) 
b xeneHne 1 mhh noAaiox Hanpa>KeHHe npoMbiuuiemiOH 
nacxoxbi b 7,5 pa 3 a 6 ojibme HOMHHajibHoro, ho He MeHee 
1100 h He 6 ojiee 2400 B (npoMe raAporeHepaxopoB c 

HOHHbIM BOsSy^AeHHeM, K KOTOpbIM IIpeA bHBJIHIOTCH 
uoBbimeHHbie TpeOoBaHHH, oOycjioBJiHBaeMbie i<a>KAbifi 
pa3 npoeKTOM 3aBOAa-H3roxoBHxejm). 

IIpoOoH H30JIHIJHH 06 MOXKH pOTOpa npH HCnblTa- 
hhhx xapaKTepH 3 yeTCH pe 3 KHM na^eHneM HanpHHceHHH. 
HHor^a HanpHHceHHe pe3KO naAaex 3a cnex nepeKpbixHH 
Hepe3 KaKOH-JIHOo MOCTHK, 06 pa 30 BaBIHHfiCH H3 rpH3H, 
hjih nepe 3 HeSojibuiHe KanejibKH oJioBa, nonaBimie b 
oGMOTKy npn namce Me>K,nynojnocHbix coeAHHei-mfi. B 
3 tom cjiynae peKOMeHAyexca Ha oSMOTKy poTopa noAaxb 
tojihkom, HanpHHceHHe ot ceTH 220 B, HHpKan kohaom 
npoBOAHHKa no KOHxaKXHbiM KOJibi^aM. Ecjih npn oxom 
conpoTHBJieHHe h 30 jihu;hh o 6 moxkh nomocoB poTopa 
He B03pacTeT, MecTO npo 6 on hco 6 xoahmo npo>KeHb 
flJIHXeJIBHO npHJIO>I<eHHbIM K oSMOTKe nOBbimeHHbIM 
HanpHHceHHeM. 

IIpH HeB03MO>KHOCTH onpeAejmxb MecTO npoSoH 
BH3yaJIBHbIM. CnOCoSoM Ha^O npHMeHHTL HH3KOBOJILT- 
H yio (4 —6 B) 6axapeio h MHJiJiHBOJibXMexp (pnc. 222). 
B 3 xom cjiynae aBxoMoOnjiBHyio hjih jjpyryio aKKyMy- 
jiHxopHyio Saxapeio Hanpn>KeHHeM 4—6 B noAKJHonaiox 
nepe 3 peocxax k oSmoxkc poxopa. Mhjijihbojibxmcxp 
coeAHimiox oahhm kohijom c KopnycoM poxopa, a Apy- 
thm — noonepeAHO c BbiBOAaMH Kaxymen nojiiocoB 
(no nacoBOH cxpejine hjih npoxHB Hee). IIo Mepe npH- 
6jIH>KeHHH K IIOBpOKACHHOfi KaxyiHKe nOKa3aHHH mhjijih- 
BOJibXMexpa 6yAyT yMeHBinaxBCH. IIpoxo ah noBpe>K- 
ACHHyio KaxyuiKy, cxpejina MHJUiHBOJibXMexpa HauHex 
oxkjiohhxbch b Apy r yK> cxopoHy. IIojiioc c noBpe>K~ 
AeHHOH KaxyuiKOH pacnanBaiox h BbiHHMaiox 
peMOHxa, a nocjie peMOHxa bhobb ycxaHaBJiHBaiox Ha 
poxop h noBxopHo HcnbixbiBaiox OAHOBpeMeHHO Bee 
nojiiocbi poxopa. 

KpOMe ynoMHHyxbix ncnbixaHHfi h30jihahh oOmoxkh 
nojiiocoB ox Kopnyca, Ha poxope npoBOAHT xaione 
HcnbixaHHH mokbhxkoboh H30JIHAHH KaxyHieK nojiio- 
COB xoro, HXoObI y 6 eAHXBCH B OXCyXCXBHH MOK- 

bhxkobbix 3 aMbiKaHHH b 3 xhx KaxyuiKax. IIpH HOIbl- 
xaHHH nojiB3yioxcH nocxopoHHHM hcxohhhkom nepe- 
MeHHoro xoKa npoMbiuuieHHofi uacxoxbi, noAaBan Han- 
pHHceHHe b oOMOXKy i<a>KAoro nojiioca. 

HcjibixaxeJiBHoe HanpjDKeHne BbiOnpaiox H3 pacnexa 
2,5 B Ha oahh bhxok KaxyuiKH. 


While testing the rotor field coil insulation (with 
slip ring brushes being backed away from the rings) 
the test voltage is applied for 1 minute. The test voltage 
of commercial frequency is to be 7.5 times as high as 
the rated voltage but not less than 1,100 V and not 
higher than 2,400 V (except for hydrogenerators using 
ionic excitation, which are to meet more stringent 
requirements stipulated in each individual case by the 
manufacturing plant specifications). 

The rotor winding insulation breakdown during 
the tests is characterized by a sharp voltage drop. 
Sometimes the sharp voltage drop results from bridging 
due to dirt or small drops of tin remaining in the winding 
after soldering the interpole connections. If this is the 
case, it is recommended to apply inrush voltage to the 
rotor winding from a 220 V source striking with the 
wire lead the slip rings. If the resistance of the rotor 
field coil insulation does not increase in the action the 
place of breakdown should be burned through by 
applying the high voltage for a longer time. 

If the breakdown place cannot be detected usually 
a lowvoltage (4 to 6 V) battery and a millivoltmeter 
are to be applied (Fig. 222). In this case, a motor car 
storage battery or a storage battery of any other type, 
with 4 to 6 Y voltage, is to be connected via a rheostat 
to the rotor winding. One end of a millivoltmeter 
is to be connected to the rotor frame and the other, 
in turn to the field coil leads (clockwise or anti-clock¬ 
wise). As the contacting end approaches the faulty 
coil the millivoltmeter readings are decreased. On 
passing the faulty coil the millivoltmeter pointer starts 
deflecting to the other side. The pole with a faulty coil 
is to be unsoldered and removed for repair and again 
mounted on the rotor after repair. Then all the rotor 
poles are to be tested again. 

In addition to the above-described tests of the field 
insulation relative to earth, the turn-to-turn insulation 
of the field coils is also to be tested. This test is carried 
out using an external a.c. source of commercial-fre¬ 
quency voltage, feeding voltage to each field coil. 

The test voltage is to be selected of 2.5 Y per 
coil tqrn. 


>1— c Ej—'®- 


j 


Phc. 222. CxeMa onpe^ejieHHH npo6n- 
Toii Ha* Kopnyc h 3 ojihijhh KaxyuiKH 
nouioca poTopa 


Fig. 222. Circuit arrangement for earth 
fault detection in rotor field coils 
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npH HcnbixaHHH MOKBHXKOBOH H30JIHIJHH KaxyHieK 
nojiiocoB Ha onymeHHOM b pacxouKy exaxopa poxope 
odMoxKy exaxopa hcoSxoahmo pa30MKHyxB. 

HcnbixaHne noBbimeHHBiM Ha- 
npHHceHHeM nepemeHHoro xoKa o 6 - 
MOXOK CHCXeMbl B036yHCAeHHH. 06- 
MOXKH CHCXeMbl B036y>KAeHHH HCnblXblBaiOX npH yAOB- 
JieXBOpnxeJIBHOM COCXOHHHH H30JIHIJHH 06 MOXOK HKOpefi 
BosfiyAHxejiH h noAB 036 yAHxejiH, a xannee o6moxok hx 
nojiiocoB, x.e. KorAa conpoxHBJieHHe h3ojihahh 6 yAex 
He MeHBiue 1 kOm Ha 1 B HOMHHajiBHoro HanpHHceHHH. 
Bee o6moxkh cncxeMbi B 036 y>KAeHHH noABepraiox ncnbi- 
xaHHio b xeueHne 1 mhh HanpHHceHneM npoMbiuuieHHofi 
uacxoxbi 1,5 Uhom> ho He MeHee 1000 B. 

Hsojihijhh cuHxaexcH yAOBJiexBopniomefi npeA^HB- 
jmeMbiM k Hen xpeOoBaHHHM, ecjiH b npoijecce Hcnbi¬ 
xaHHH He 6 yAex o 6 Hapy>KeHO naACHHH Hanpn>KeHHH, 
CBHAexejiBcxByioiAero o npo 6 oe h30jihahh hjih nepe- 

KpblXHH CK0JIB3HIAHMH pa3pHAaMH. 


While testing the turn-to-turn insulation of the 
field coils on the rotor lowered into the stator bore, 
the stator winding should be open. 

High-voltage tests of excitation 
system windings with a. c. supply. 
The excitation system windings are tested provided the 
insulation of the armature windings of the exciter and 
pilot exciter and that of the field coils are in good 
repair, that is, their insulation resistance is not less 
than 1 kOhm per 1 Y of rated voltage. All the exci¬ 
tation system windings are to be tested for 1 minute 
by applying a commercial-frequency voltage of 1.5 U T 
but not less than 1,000 Y. 

The insulation may be considered as adequate in 
case no voltage drop pointing to insulation break¬ 
down or creepage flashover occurs in the course of 
testing. 


R. H3MEPFHHE COnPOTHBJIEIIHfi 
nOCTOHHHOMY TOKY 


E. MEASUREMENT OF DTRECT-CURRENT 
RESISTANCE 


ConpoxHBJieHHe nocxoHHHOMy xony, hjih, KaK npn- 
hhxo Ha3biBaxb, oMHueci<oe conpoxHBJieHHe, H3Mepniox 
AJIH xoro, nxoflbl BbIHBHXB BHXKOBbie 3aMbIKaHHH, 
o6pbiBbi Aenn h cocxaBHXb cy>KACHHe o KanecxBe koh- 
xaKXHbix conjieHeHHH h nafiKH. 3 xh H3MepeHHH npoBo- 
Ahx Ha o6MOXKax, oxjia>KAeHHbix ao OKpy>KaioiAeH 
xeMnepaxypbi; b jho6om cjiynae 3aMepeHHan xepMOMex- 
paMH conpoxHBjieHHH hjih pxyxHbiMH xepMOMexpaMH 
xeMnepaxypa o6moxkh He AOJi>KHa oxjinnaxBCH ox OKpy- 
>KaioiAeH 6ojiee ueM Ha 3°C. 

JlaHHbie 3aMepOB, BbinojiHeHHbix npn npneMHO- 
CAaxOHHblX HCnbIXaHHHX, CpaBHHB aiox C 3 3BO ackhmh 
npn xeMnepaxype, npHBeAeHHOH k oahoh h xoh tkc 
BejiHHHHe, nepecHHXbiBan no (|)opMyjie 


i ? 2 — r x 


235 ~h t 2 
235 + 


r^e R 2 — conpoTHBJieHHe b OMax, npuBe^emioe k xeMnepaType 
t z °C; R ± — conpoTHBJieHHe b OMax, 3aMepeHHoe npu TeMnepa- 
T ype ^°C; 235 — mhcjio, xapaKTepH3yioiiiee mc^hvio ofiMOTKy. 


npH ajIIOMHHHeBOH o 6 MOXI<e HHCJIO 235 3aMeHHexCH 
HHCJIOM 245. 

OMHnecKoe conpoxHBJieHHe mo>kho 3aMepnxb Hec- 
kojilkhmh MexoAaMH. Ecjih nojiyneHbi HeyAOBJiexBopn- 
xejibHbie AaHHbie, oxjinnaioiAHecH ox suboackhx 6 ojil- 
rne, ueM 3xo AonycKaexcn HopMaMH, H3MepeHHH HaAO 
noBxopnxb. Ecjih nee h noBxopHbie 3aMepbi noATBep- 
Ahjih 3xh AaHHbie, hco 6 xoahmo BbincHHXb h ycxpaHHXb 
npHHHHy xanoro oxkjiohchhh. Tan, HanpHMep, hcchm- 
MexpHHHbie BejiHHHHbi conpoxHBJieHHH no 4>a3aM 06 - 
moxkh exaxopa ofibinHO CBHAexejitcxByiox o njioxon 
naHKe b JiofioBbix nacxnx exaxopa. 

H3MepeHne OMnnecKoro conpoxHBJieHHH o 6 moxkh 
poxopa onpeAeJieHHH KauecxBa nafiKH Hnuero He 


The d.c. resistance (usually referred to as Ohmic 
or real resistance) is measured in order to reveal turn- 
to-turn faults, open circuit, and to evaluate the quality 
of contact connections and soldered joints. These 
measurements are to be made on windings cooled down 
to the ambient temperature and in any case the winding 
temperature measured with resistance or mercury 
thermometers should not differ from the ambient 
temperature by more than 3°C. 

The results of measurements carried out during the 
acceptance tests are compared with the Manufacturer’s 
data at temperatures reduced to the same value. Scaling 
h made using the formula: 


R 2 — R t 


235 + h 
235 + tl 


where R 2 is resistance in Ohms reduced to temperature °C; 
R x is resistance in Ohms measured at temperature t u °C; 235 
is number characterizing the copper winding. For the aluminium 
winding this number is 245. 


The Ohmic resistance can be measured using various 
methods. In case the measurement results obtained are 
unsatisfactory and differ from the Manufacturer’s 
data by more than is allowed by the Standards, measure¬ 
ments are to be repeated. If the repeated measure¬ 
ments yield the same results the reason for such a 
disagreement is to be revealed and eliminated. For 
instance, unbalanced resistances of the stator winding 
phases usually point to inadequate soldering in the 
stator end connectors. 

Measurements of Ohmic resistance of the rotor 
winding do not enable to evaluate the quality of sol- 
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^aeT. rtosTOMy cyMHTB o Ka^iecTBe naiiKH Me>Knojnoc- 
HblX COeAHHeHHH 06MOTKH nOJHOCOB MO>KHO TOJIBKO IIpH 
nponycKaHHH ^lepes Hee TOKa nopflAKa 0,8 HOMHHajiB- 
Horo h npoiAynbiBai-mn HarpeBa b Mecrax coeAHHemm; 
mo>kho HaKJieHTb jiaKMycoByio 6yMary Ha Mecra naen 
h no ABeTy ee onpeAeJiHTB creneHB HarpeBa. 

IIpH H 3 MeHeHHH conp othb JieHHH o6motkh cepnec- 
HblX H AOnOJIHHTeJIbHbIX nOJHOCOB B036yAHTeJIH H 
noAB 036 yAHTejiH 3 a Taione uiyHTOBOH nojiynaiOT A^h- 
Hbie, oSbIHHO OTJIHHaiOIAHeCH OT 3aBOACKHX TOJIbKO Ha 
BeJlHHHHy TOHHOCTH H3MepeHHH. 

Cepbe 3 Hoe SHaneHHe hm&ot H3MepeHHfl conpoTHB- 
jieHHH oSomotok HKopa B036yflHTejifl H n0AB036yflH- 
tcjih Me>KAy Ka>KflOH napoft coccahhx KOJUieKTopHbix 
iuiacTHH, Tan Kan npn stom oueHB uacro obHapynoiBaioT- 
ch AC(j)CKTbt b naime neryuiKOB KOJUieKTopa. Ko;i:iei<- 
TOpHbie njiacxHHbi HeoSxoAHMO npeABapHxeJibHO npo- 
MBITB CnHpTOM H IIpOHyMepOBaTb MeJIOM HJIH IJBeTHBIM 
KapaHAamoM, a 3aTeM H3MepnTB conpOTHBJieHiie MHKpo- 
OMMeTpOM hjih MeTOflOM aMnepMeTpa h b ojibTMeTpa 
( P HC. 223) npn oTBeAeHHbix meTKax KOJUieKTopa. 

Kan bhaho h 3 pHC. 223, k Ka>KABiM A B yM cmok- 
hbim njiacTHHaM KOJUieKTopa npH noMoiAH cneijHajiB- 
hmx iAynoB nocjieAOBaTeJibHO hoaboaht ot nocTOpOH- 
Hero HCTOHHHKa nOCTOHHHblH TOR 6 10 A H Me>KAy 

3THMH nJiaCTHHaMH H3MepHIOT HanpHHCeHHe, no BeJIH- 
HHHe KOTOporO H CHJie TOKa BbIHHCJIHIOT COnpOTHB - 
jieHne. 

EcjIH KOJIJieKTOp HCnpaBHblH, TO nOKa3aHHH MHJIJIH- 
BOJIBTMeTpa npH OAHHaKOBOM Tone HSMepeHHH MencAy 
na>KABiMH AByMH coccahhmh njiacTHHaMH nojiynaioTCH 
npaKTHnecKH oAHHaKOBBiMH, T.e. He oTJiHnaiOTCH APY r 
OT Apyra bojiee ueM Ha 10%. Pacxo>KAeHHH Ha bojibinyio 
BejiHHHHy oObiHHo CBH^tcTCJibCTByioT o njioxoft naiiKe 

nCTyiHKOB HJIH O Apyrux nOBpOKA^HHHX B IJC 1 IH MOKAy 
KOJIJieKTOpHBIMH njiacTHHaMH. 


dering. For this reason, the quality of soldering of the 
interpole connections can be estimated only when 
passing through the winding a current about 0.8 of 
the rated value and feeling the temperature of con¬ 
nections by hand ; litmus paper can be pasted on the 
soldered joints and then the temperature is determined 
by changes in the litmus paper colour. 

When measuring the resistance of the series and com¬ 
mutating windings of the exciter and pilot exciter and 
that of the shunt winding, the data obtained usually 
differ but slightly from Manufacturer’s data, this dif¬ 
ference amounting to the permissible measurement error. 

In contrast to this, measurements of the resistance 
of armature windings of the exciter and pilot exciter 
between each pair of adjacent commutator bars are of 
great importance since in doing this defect in soldering 
of the commutator risers are revealed very often. 
Prior to making measurements the commutator bars 
are to be washed with alcohol and numbered with 
chalk or a coloured pencil. Then the resistance is mea¬ 
sured with the help of a microohmmeter or with an 
ammeter and a voltmeter (Fig. 223), with the commu¬ 
tator brushes pushed aside. 

As is seen from Fig. 223, each pair of adjacent 
commutator bars is connected through a special probe 
to an external d.c. (6 to 10 A) source and voltage mea¬ 
sured between these bars along with the known current 
make it possible to calculate the resistance. 

A commutator in good condition is recognized by 
equal readings of the millivoltmeter for every two 
adjacent bars accurate to 10 per cent. Greater diffe¬ 
rences point usually to poor soldered joints on risers 
or to any other faults in the circuit between the com¬ 
mutator bars. 



Phc. 223. Cxeiwa npoBepKH conpoiHBJieHHH Me>K;(y 
flByMH COCeflHHMH IIJiaCTHHaMH KOJIJieKTOpa 

Fig. 223. Circuit arrangement for checking the resis¬ 
tance between adjacent communicator bars 


E. CHHTHE XAP AKTEPHGTHKH 

xojiocroro xojja, hciieitahhe 

BHTKOBOfl OBMOTKH 

CTATOPA FEHEPATOPA H CHHTHE 
XAPAKTEPHCTMK B03BV;iHTEJill 

XapaierepHCTHKH xojiocToro xoAa oolfiiio chhm3iot 
COBM eCTHO C HCnbIT3HHeM MOKBHTKOBOH H30JIHIJHH CTa- 
TOpa H CHHTHeM Harpy30HH0H XapaKTepHCTHKH B03- 
byAHTejiH. 

XapaKxepHCTHKa xojiocroro xoAa npeACTaBJiHeT co- 
boil 3aBHCHMOCTi> iianp>i>KeHH>i oSmotkh CTaTopa Ha ero 
BBIBOAaX OT TOKa B03by>KAeHHH pOTOpa npn iioctomii- 
HOH CKOpOCTH BpaiACHHH, paBHOH HOMHHaJIBHOH. ChH- 
MaioT ee c.'ieAyioiiAiM obpa30M. 

ILiaBHO, C KpaTKOBpeMeHHbIMH 3aAep5KKaMH uepea 
KajKAtie 10—15% HOMHHajibHoro nanpH>KenH>t, noA- 
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HHMaiOT HanpnHteHHe ot Hyjin ao 110% HOMHHajibHoro. 
3aAep>KKH HeobxoAHMbi ajih oxcueTa noKa3aHHfi npn- 
bopOB, BbinOJIHHeMOrO OAHOBpeMeHHO HeCKOJIbKHMH 

jiHqaMH. 3aTeM bbicrpo noAHHMaiOT HanpumeHne ao 
H cnbiTaTejibHoro (1,5 C/hom)> OTCHHTbiBaH H3MepneMbie 
BejiHHHHbi tojibko Ha BepxHeft rpaHHije. IIoa Hanpn- 
HteHHeM 1,5 I/hom reHepaTop H3 xoahtch 5 mhh, b Teue- 

HHe KOTOpbIX HCnbITbIBaiOT MOKBHTKOBVIO H30JIHAHI0. 
IIOTOM HanpHJKeHHe CHHMaiOT AO HyjIH, AO HOMHHaJIB- 
Horo 3HaueHHH SbicTpo, a AaJitme njiaBHO, TaK >ne KaK 
h npn noAteMe, c KpaTKOBpeMeHHbIMH 33Aep>KKaMH Ha 
KantAoii H3 CTyneHeii. BejiHHHHy TOKa, peryjmpyeMoro 
peocTaTOM, KaK npn noAteMe Hanprt>KeHHH, TaK h npn 
CHHTHH H3MCHHIOT TOJIBKO B OAHOM HanpaBJieHHH. Ilo 
nojiyueHHbiM Ha noA'beMe h chhjkchhh Haiipjr>KeiiHn 
TOHKaM CTPOHT ABe KpHBbie. CpeAHIOIO MOKAy 3THMH 
KpHBbIMH npHHHMaiOT A™ CpaBHeHHH C paC'ICTIIOH. 

OAHOBpeMeHHO CO CHHTHeM XapaKTepHCTHKH XOJIO- 
CToro xoAa h HcnbiTamieM moki iiiTKOBOi'i h30jihahh 
CHHM aiOT Harpy30HHyio xapaKTepncTHKy BoabyAHTejm, 
Harpyutan ero Ha poTop THAporeHepaTopa. KpoMe Toro, 
Ha B03byAHTejie h noAB03byAHTejie, TaK >Ke KaK h Ha 
reHepaTope, CHHMaiOT XapaKTepHCTHKH xojiocToro xoAa, 
HcnbiTbiBaiOT Me>KBHTKonyio h30jihu;hio h onpeAejunoT 
noTOJiouHoe iianp>i>Keime. 

b. TAKING THE NO-LOAD CHARACTERISTIC, 
TESTING THE TURN-TO-TURN INSULATION OF 
THE GENERATOR STATOR, AND TAKING THE 
EXCITER C HA It A ( TERISTICS 

The no-load characteristics are usually taken simul¬ 
taneously with testing the turn-to-turn insulation of 
the stator and taking the exciter load characteristic. 

The no-load characteristic shows the voltage across 
the stator winding leads as function of the rotor field 
current at a constant speed equalling the rated speed. 
The characteristic is taken in the following manner. 

The voltage is smoothly raised from zero to the 
rated value in short steps of 10 to 15 per cent of the 
rated voltage. At each step instrument readings are 
taken by several persons simultaneously. Then the 
voltage is quickly raised to the test value (1.5 U T ) and 
the upper limits of measured values are read only. 
A voltage of 1.5 U T is applied to the generator for 
5 minutes and during this time the turn-to-turn insulation 
is tested. Then the voltage is dropped, first abruptly 
and then gradually in the same way as it has been 
increased, in short voltage steps. The current adjusted 
by the rheostat both at voltage increase and decrease, 
is varied in one direction only. Two curves are plotted 
using the points obtained while increasing and decreas¬ 
ing the voltage. The average of these two curves is 
compared against the design curve. 

Simultaneously with taking the no-load characte¬ 
ristic and testing the turn-to-turn insulation the load 
characteristic of the exciter is taken while loading it 
nto the generator rotor. Besides the no-load charac- 


8-6. KOMnjIEKCHOE OIIPOEOBAHHE 
H CflA*IA I LI^POAI PIJ ATA B 
OKCriJIVATAmilO 

A. HAEPySOHIILIE HCHLITAHHH 
rimPOATPEEATA 

Ilocjie obycjioBjieHHbix nporpaMMofi nycKO-Hajia- 
Aohhbix paboT, npoBepoK h HcnbrraHHH Ha xojioctom 
xoAy raApoarperaT BiunoiaioT b ceTB. 

IlepeA nocTaHOBKoii niApoarperaTa Ha 72-uacoBoe 
HcnBiTaHHe HeobxoAHMO HcnBiTaTB ero Ha nocjieAOBa- 
TejiBHBiii cbpoc Harpy30K paajiHimoH Bejurmubi. Obbiu- 
ho cbpacbiBaiOTCH Harpy3KH b 25, 50, 75 h 100% ot 
MSKCHM aJIBHO B03MOIKHOH npH A3HHOH BejIHHHHe Ha- 
nopa. HHorAa AeJiaiOTCH TaKH<e h Habpocw HCKOTopofi 
uacra Harpy3KH, oObiuho 25 h 50% ot MaKCHMajiBHo 
bo3mohchoh npn AaiinoM Hanope. Cbpocbi Harpy 30 K 
npoH3BOAHTCH nyreM oTKjiiouemw reHepaTopa ot ceTH. 
IIpH 3T0M (})HKCIipyiOTCH A3HHBie, Iiepe'IHCJICHHiae B 
Tabji. 20. JIjih axoro Ha pa3jiHUHBix oTMeTKax 3A3 hhh 
T 3C paCCTaBJIHIOTCH HCnOJIHHTejIH H3 HHCJia pabOT- 
HHKOB MOHT3IKHOH H SKCIIJiyaTaiJHOHHOH Opr amraaiTITM 

(aBTOMaTHuecKan peiBCTpupyioiuaji annapaTypa obsiuHO 
He HcnojiB3yercn). 3a(j)HKCHpoiiaum>ie b Tabji. 20 bcjih- 
HHHBI CpaBHHBaiOT C AailHblMH 3aBOAa H 33HOCHT B 
conocTaBHTejiBHyio xabjinny (Tabji. 21). 


teristics of the exciter and pilot exciter are taken in 
the same way as it has been done for the generator, 
the turn-to-turn insulation is tested and the ceiling 
voltage is determined. 


8-6. COMPLEX TRIALS 
AND COMMISSIONING 
OF THE HYDROPOWER UNIT 

A. 1.0AD TRIALS OF THE HYDROPOWER UNIT 

On completion of all tests and checks at no-load 
running stipulated by the debugging program the 
hydropower unit is connected to the power mains. 

Prior to the 72-hour trial under load the hydropower 
unit is to be tested for shedding various loads in suc¬ 
cession. Usually the tests are carried out by shedding 
the loads to 25, 50, 75 and 100 per cent of the maximum 
load possible at the given head. Sometimes some load 
is turned on, usually 25 and 50 per cent of the maximum 
value possible at the given head. The load shedding is 
effected by disconnecting the generator from power 
mains. In the process the data listed in Table 20 are 
recorded. For the purpose observers are posted at 
various levels of the powerhouse. The observers are se¬ 
lected out of the erection personnel and the operation 
staff (automatic recording instruments are not usually 
employed for the purpose). The data recorded in Table 
20 are compared against the Manufacturer’s data and 
put down into the comparative table (Table 21). 
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PnApoarperaT 

CTaHIIHOHHblH ___ 

T a 6 ji h n a 20 


HCnMTAHHH HA CBPOCBI HATPySKH 


HcnbiTaHHH npoBeAeHbi npii Hanope H — — 
h oTMeiKax: BB-; HB 


HsMepHeMbie sejiHHHHbi 

3Ha*ieHHe 
flo cGpoca 
Harpy3KH 

MaKCHMajibHoe 3HaueHne npH c6poce Harpy3KH 

B npOUCHTaX OT HOMHHajIbHOrO 

MHHMMaJIbHOe 
3HatieHne npH HaGpoce 
b npoi^eHTax 

OT 

HOMHHanbHoro 

YcTa- 

HOBHBiueeca 

3HaqeHHe 



25 j 50 

75 

‘ 100 

25 

50 



Harpy3Ka 5 MBt 

CnopocTb BpameHHH 5 o6/mhh 

JJjaBJieHHe b cmipajibHoii KaMepe 3 m 

BanyyM bo BcacbraaiomeH Tpybe, m 
bo#. CT. 

BpeMH, c: 

3aKpBiTHH HanpaBJiHioiyero anna- 
paTa 

OTKpbiTHH HanpaBJiHiomero anna- 
paTa 

npou;ecc peryjmpOBaHHH 

OTKpbiTHe HanpaBjiHiomero annapaTa> 
MAI 

Pa6oTa KJianaHOB cpbiBa BanyyMa hjih 
xojiocToro Bbinycna: 

BpeMH Ha OTKpbiTHe j c 

BpeMH Ha 3aKpbITHe, c XOfl, mm 

J^aBJieHHe b KOTJie MHY, kfc/cm 2 


T a 6 ji h h a 21 


CPABHHTEJILHME BEJIH^HHBI FAPAHTHit PEryJIHPOBAHHH 


OnpeflejiHeMan BejiHHHHa 

3HaneHne npH copoce Harpy3KH b npoueirrax 

OT HOMHHajIbHOrO 

3Ha^eHHe npn naGpoce Harpy3KH 
b npoueHTax 

OT HOMHHajIbHOrO 

25 

50 

75 

100 

25 

50 

Ii3MCHeHHe CKOpOCTH BpameHHH pj %: 

no ^aHHbiM 3aB0^a 

4>aKTHHecKoe 

H3MeHeHHe j^aBjieHHH b cnnpaJibHOH naviepe 

5, %: 

no flaHHbiM 3aBo^a 

4>aKTHHecKoe 








npHMenaHHe . Il3MeHeHHe ckopocth BpameHHH p b 
npou,enTax BbiuHCJineTCH no <£opMyjie 

P _ ^MaKC (MHH) n p jqq 

w o 

r^e w MaKC — AiaKCHMajiBHaH CKopocTb BpameHHH npH c6poce; 
w mhh ” MHHHMajitHaH cKopocTb BpameHHH npH Habpoce; n Q — 
CKopocTb BpameHHH npH narpy3Ke tfo cSpoca (HaSpoca). 


H3MeHeHne jx ,aBJieHHH BbiuHCJineTCH no (JjopMyjie 

TT _ TT 

£ _ n MaKC (MHH) fi CT jqq 

“ ^ 

rn;e H MaKC — MaKCHManbHbiH Hanop b momcht c6poca; H mhh — 
MHHHMajibHbiH Hanop b MOMeHT Habpoca; H cr — CTaTHuecKHH 
Hanop. 
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Hydropower unit No 


Table 20 


LOAD SHEDDING TESTS 

Tests have been carried out at a head H =_ 

elevation _ m; tailwater elevation 


m and at headwater 
_ m 


Values measured 

Value prior 
to 

load shedding 

Maximum value at load shedding, 
per cent of rated load 

Minimum value 
at load turning-on, 
per cent 
of rated load 

Steady state 
value 



25 

50 

75 

100 

25 

50 



Load, MW 
Speed, rpm 

Pressure in scroll case, m 
Vacuum in draft tube, m W.C. 

Time, s: 

wicket gate closure 
wicket gate opening 
speed governing process 

Wicket gate opening, mm 

Operation of vacuum breaking or waste 
water outlet valves: 

opening time, s 
closure time, s 
stroke, mm 

Pressure in oil-pressure plant tank, 
kgf/cm 2 


Table 21 


COMPARISON OF GOVERNING WARRANTS 


Value determined 

Value at load shedding, per cent of rated 
value 

Value at load-turning-on, 
per cent 
of rated value 

25 

50 

75 

100 

25 

50 

Variation of speed, p, % 

Manufacturer’s data 
actual value 

Variation of pressure in the scroll case 5 %: 
Manufacturer’s data 
actual value 








Note. Variation p of speed in per cent is to be calculated 
from the formula: 

P _ ^max(min) — «p ^ jqq 

n 0 

where: « max is maximum speed at load shedding; « m i n is mini¬ 
mum speed at load turning-on, n 0 is speed under load prior to 
load variation. 


Variation in the pressure is calculated from the formula 


£ = ^max(mln) — H&t x jqq 
H&t 

where: ffmax is maximum head by moment of load shedding; 
Hmin is minimum head at the moment of load turning-on; 
H&t is statical head. 
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C6poc Harpy3KH conpoBOK^aeTCH 6biCTpbiM 3aKpbi- 
THeM HanpaBJiHiomero anriapaTa, KOTopoe Bbi3biBaeT 
3aMeAJieHne abhhcchhh boabi b boaoboac h noBbimeHHe 
AaBJieHHH nepeA TypbHHOH, a Taione noHHHcemieM 
AaBJieHHH b OTcacbiBaiomeH Tpybe. 

noBbimeHHoe A^BJieHne b boaoboac, oco6eHHO npH 
6ojibiuom Hanope h ajihhhom, b hcckojibko KHJioMerpOB, 
TpybonpoBOAe, npH cbpoce HeKOTOpbix Harpy30K MO>i<er 
BbI3BaTb CHJIBHbie rn ap aB jiHuecKHe yA^pbl, HTO 
BecbMa onacHo rjih. paboxti raAparperaTa (cM.rji.9). 

JXjih HH 3 KOHanopHbix T3C, obopyAOBaHHbix noBO- 
poTHOJionacTHbiMH rHApOTyp6nHaMH, BecbMa onacHo 
bojiBinoe pa3pe>KeHHe b OTcacbiBaiomeH Tpybe, KOTopoe 
AocTuraeT MaKCHMajibHbix 3HaueHHH npH cbpoce c 
arperaTa nojiHOH Harpy 3 KH. Ecjih A^BJieHne b oTcacbi- 
Baiomeii Tpybe iiohh3htch ao 3 HaueHHH cooTBeTCTByio- 
me h ynpyrocTH napoB boabi, npoH30HAeT pa3opbiB no- 
Tona, nocjie uero BOAa H3 OTcacbiBaiomeH Tpybbi c 
Bojibiiioh cKopocTbio HanpaBHTCH k paboueMy KOJiecy, 
hto Bbi30BeT chjibhbih yAap o jionacTH ruApoTypSHHbi 
h MO>KeT npuBecTH k noAteMy poTOpa, noBpoKACHHio 
OTAeJibHbix y3JiOB rHApoarperaTa, biuiotb ao ixojiomkh 
jionacreH pabonero KOJieca. IIoaTOMy npn HcnbiTamiH 
Ha cbpoc Harpy3KH HeobxoAHMO ocobemio BHHMaTejitHo 
cjieAHTB 3 a pa6oTOH KJianaHOB cpbiBa Bai<yyMa, KOTOpbie 
BnycKaiOT B03Ayx noA KpbiniKy TypnbHHbi h TeM 
npenHTCTBy 10 T pa3pe>KeHHio b OTcacbiBaiomeH Tpybe. 


E. KOMIIJXEKCHOE 72-1ACOBOE 
OnPOEOBAHHE rHJIFOArPEF AT A flOft 
HAFPY3KOH 

Ecjih rHApoarperaT nycKaioT c nojiHocTBio hjih ua- 
CTHHHO TOTOBOH CXeMOH aBTOMaTHKH, BCe 3BCHBH H 

ajieMeHTbi ee aojihoibi 6bitb ncnbiTaHbi nocjie cbpoca 
Harpy30K a° nocTaHOBKH rHApoarperaTa Ha 72-uacoBoe 
HCHblTaHHe. npH 3TOM IIpOBepHIOT aBTOMaTHHeCKHH 
nycK h npHHHTHe Harpy 3 kh, a TaK>Ke aBTOMaxHuecKyio 
aB apHHHyK) ocraHOBKy rHApoarperaTa c nojiHoii hjih 
M aKCHMaJIBHO B 03 M 0 JKH 0 H Ha HeM Harpy3KOH. OTAeJIBHO 
AOJi>KHa 6 bitb npOBepeHa ocTaHOBKa rHApoarperaTa c 
nojiHOH Harpy3KOH nyxeM chhjkchhh AaBJieiiHH b 
KOTJ ie MHy a o cTpa6aTbiBaHHH pejie MHHHMajiBHoro 
AaBjieHHH. 

Ilocjie npOBepKH a^hhbix HcnbiTaHHH rHApoarpe¬ 
raTa Ha c6pOC H SJieMCHTOB aBXOMaTHKH, a T3K>Ke yCTpa- 
HeHHH Bcex BbiHBJieiiHbix Ha arperaTe hcaoctetkob, 
npenHTCTByioiAHx KOMiuieKCHOMy onpo6oBaHHK)> arpe- 
raT noAroTaBJiHBaioT aji** nocTaHOBKH Ha 72-uacoBoe 
HcnbiTaHHe noA Harpy 3 koh. 3Toro pabouen ko- 

mhcchch, 0praHH30BaHH0H! H3 npeACTaBHTeJien 3aKa3- 

HHKa, reHnoApHAHHKa h cooTBercTByioiAHX cybriOA- 

pHAHbix h cneipiajiH3HpOBaHHbix opraHH3 aAHH, cocra- 
BJiHeTCH aKT roTOBHOCTH rHApoarperaTa k KOMnjieKC- 
HOMy onpo6oBaHHio. 3 tot aKT HBjinexcH oAHOBpeMeHHo 
aKTOM nepeAaqn arperaTa ot reHepajiBHoro noApnAUHKa 


The load shedding is accompanied by quick closure 
of the wicket gate resulting in deceleration of water 
flow in the penstock and by pressure increase up-stream 
of the turbine as well as by pressure decrease in the 
draft tube. 

Increase of pressure in the penstock, especially at 
high head and when the penstock length is some kilo¬ 
meters, may result in severe water hammers at shedding 
some loads, which are very dangerous for the hydro- 
power unit operation (see Chapter 9). 

High vacuum in the draft tube reaching maximum 
values at full load drop is particularly dangerous for 
low-head hydroelectric power plants equipped with 
adjustable-blade turbines. In case the pressure in the 
draft tube decreases to the value corresponding to the 
water vapour pressure, the flow discontinuity occurs 
whereupon water from the draft tube will rush with 
great velocity towards the runner, this resulting in a 
heavy impact upon the runner blades. This, in its 
turn, may lift the rotor and break individual assemblies 
of the power unit, even the runner blades. That is why 
while conducting load shedding tests, it is necessary 
to watch carefully the operation of the vacuum break 
valves which admit air under the turbine headcover 
preventing initiation of vacuum in the draft tube. 


B, COMPLEX 72-HOUR 

TRIAL OPERATION 

OF THE HYDROPOWER UNIT 

In case the hydropower unit is put into operation 
with the automatic-control circuit completely or par¬ 
tially ready for use, all the components of the automatic- 
control system shall be tested following the load shedd¬ 
ing tests and prior to starting the 72-hour trial operation 
of the power unit. Automatic starting and loading as 
well as automatic emergency shut-down of the hydro- 
power unit under full or maximum possible load are 
checked therewith. The hydropower unit shut-down 
under full load is to be checked separately, the shut¬ 
down being effected by lowering the pressure in the 
oil-pressure plant tank till the minimum pressure 
relay operates. 

Upon the analysis of data obtained at load shedding 
tests and the automatic-control elements check-up, as 
well as upon elimination of all troubles interfering 
with the complex trial the hydropower unit is to be 
prepared for 72-hour load test. In doing this, the 
commission formed of representatives of the Customer, 
General Contractor and relevant sub-contractors and 
specialized organizations draws up a report on readi¬ 
ness of the hydropower unit for complex trials. This 
report is at the same time the statement of transferring 
the hydropower unit from the General Contractor to 
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3 aKa 3 HHKy b KOMimeKCHoe onpoboBaHHe. C 3Toro spe- 
MeHH otb eTCTBeHHOCTB 3a coxpaHHocTB obopyAOBaHHH 
HeceT 3aKa3HHK. 

72-qacoBoe KOMnjieKCHoe onpoboBamie arperaTa 
npoH3BOAHTCH 3aKa3HHK0M c yuacraeM npeACTaBHTejien 
reHnoAP^A^HKa h cootb eTCTBy kjiijhx cybnoApHAHBix 
opraHH3auHH. IIpeACTaBHTejiH reHnoApHAHHKa h cyb- 
noApnAHbix opraHH3auHH, BMecre c SKcnjiyaTaijHOHHbiM 
nepcoHajiOM HecyT KpyrjiocyTOUHoe A^KypcTBo, Ha- 
bjiioAaa 3 a paboTOH arperaTa h ero npaBHJiBHoii 3Kciuiya- 
TaiuieH, h npHHHMaioT HeMeAJieHHO Mepti no y CTpaHeHHio 
BbiHBjieHHbix Ae<|>eKTOB MOHTanca h HenojiaAOK b pa- 
boTe OTAeJibHbix y3JiOB rHApoarperaTa h BcnoMora- 
TejiBHoro obopyAOBaHHH. 

B nepHOA 72-nacoBoro KOMnjieKCHoro onpoboBaHHH 
rHApoarperaTa Ha HeM npoAOJincaiOTCH Harpy30HHbie 
HcnbiTaHHH: 

a) CHHMaeTCH pabonan xapaKTepncTHKa rHApoarpe¬ 
raTa, T.e. 3aBHCHM0CTB moiijhocth arperaTa ot BejiHHHHbi 
OTKpbiTHH HanpaBJiHioiuero annapaTa, h cpaBHHBaeTCH 
c xapaKTepHCTHKOH 3aBOAa; 

b) npoBepneTCH paboTa otacjibhbix MexaHH3MOB h 
y3JioB rHApoarperaTa npn ueTbipex cTyneHHX Harpy3KH 
(25, 50, 75 h 100% ot MaKCHMaJIBHO bo3mo>khoh npn 

AUHHblX yCJIOBHHx) ; 

b) npn Bcex CTyneHHX Harpy3KH 3aMepmoTCH bh- 
bpaiiHH onop, bneHne Bajia b pa3JiHHHbix ero ceneHHHx 
no Rjnmt, KOJiebaHne ckopocth BpameHHH, npoBepn- 
iotch pe>KHMbi paboTbi MacjioHacocoB MHy, npoTeuKH 
Macna b CHCTeMe peryjinpoBaHHH, 3aMepnioTCH TeMnepa- 
Typbi b aKTHBHOH cxajiH h obMOTKe craTopa, BXOAH- 
mero b oxjiaAHTejiH B03Ayxa, a Ta ktkq cerMeHTOB noA- 

IIHTHHKa H nOAUIHHHHKOB. 


the Customer for complex trial. From this moment 
on the Customer is responsible for safety of the equip¬ 
ment. 

The 72-hour complex trial of the unit is carried 
out by the Customer, with participation of represen¬ 
tatives of the General Contractor and relevant sub¬ 
contractors. The representatives of the General Con¬ 
tractor and sub-contractors remain on duty round-the- 
clock, together with the operation staff, observing the 
unit behavior and adequacy of the unit operation and 
take instant measures for the elimination of erection 
defects and troubles in the behaviour of individual 
assemblies of the unit and of the auxiliary equipment. 

During the 72-hour period of the hydropower unit 
trial operation the following load tests are to be con¬ 
tinued : 

a) operational characteristic of the hydropower 
unit, that is, unit capacity versus wicket gate opening 
curve is taken and compared against the Manufactu¬ 
rer’s characteristic; 

b) behaviour of individual mechanisms and assem¬ 
blies of the unit is checked in four steps of load (25; 
50; 75 and 100 per cent of maximum load possible 
under given conditions); 

c) in all steps of load the vibration of supports, 
run-out of the shaft in various cross-sections over 
its length, and speed variations are measured; operating 
duties of oil pumps of the oil pressure plant and oil 
leakages in the speed governing system are checked; 
temperatures in the stator core and winding, tempe¬ 
rature of air incoming to the air coolers and of segmen¬ 
tal pads of the thrust bearing and guide bearings are 
measured. 


HEnOAA^KH B PAB0TE THAPOArPErATOB 
q M CnOCOBbl HX yCTPAHEHHfl 

TROUBLES IN OPERATION OF HYDROPOWER 
UNITS AND REMEDIAL ACTIONS 


9-1. OEUIHE 3AMEHAHHH 

B bojiBiimHCTBe cjiyuaeB npHeMO-CAaTOHHbie Hc¬ 
nbiTaHHH nepBbix, a hhotau h Bcex rnApoarperaTOB 
T3C npoH3BOAHTCH npn HenojiHOM Hanope boahi h no 
orpaHHneHHOH b obbeMe nporpaMMe. 

BnojiHe noHHTHO, hto npn tukhx ncnbiTaHHHx bbih- 
BJineTCH tojilko HebojibuiaH uacTb HenojiaAOK, nocjie 
yCTpaHeHHH KOTopbix rHApoarperaT mojkct OTHOCHTejn*- 
HO HaAOHCHO 3KCnjiyUTHpOB aTBCH CpaBHHTeJIBHO Henpo- 
AOJI>KHTeJIBHOe BpeMH. 

Eojiee HaAOKHan h A^HTejiBHan 3KcnjiyaTauHH rn- 
ApoarperaTOB mojkct npoH3BOAHTBCH tojibko jihuib 
nocjie yCTpaHeHHH HeAOCTaTKOB b hx paboTe hjih npo- 
BeACHHH pHAa MeponpHHTHH no yMeHBineHHio BpeAHbix 
AeHCTBHfl 3 THX HeAOCTaTKOB, KOTOpbie MOryT bbITB BblH- 
BJieHbi npn KOMnjieKCHOM HcnbiTaHHH oahoto H3 ro- 
jioBHbix rnApoarperaTOB no iunpoKOH nporpaMMe h 
b pe3yjiBTaTe HabjiioACHHH h otoitob nepBoro nepnoAa 
3KcnjiyaTaiiHH. 


9-1. GENERAL 

In most cases, acceptance tests of the firs 
units, and sometimes of all the hydropower units 
at the hydroelectric power plant, are conducted 
under a partial head and according to a limited 
program. 

It is well understood that such tests will disclose 
only a small part of defects and with their elimination 
the hydropower unit will operate reliably for a rela¬ 
tively short time. 

A more reliable and long-term operation of the 
hydropower units can be attained only upon elimi¬ 
nation of all defects expected in their operation or 
upon taking actions aimed at abating adverse effects 
caused by these defects, which can be revealed during 
comprehensive tests conducted on one of the first 
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3th KOMnjieKCHbie HcnbiTaiiHH, nan npaBHJio, He- 
o6xoahmo npoBO^HTb npH pacnexHOM Hanope boabi Ha 
r3C H npH pU3 JIHHHBIX pe>KHMaX paSOTBI, BKJIIOHaH H 
nepexo^Hbie npoijeccbi. 

HcnbiTaHHHM o^HOBpeMeHHo hjih nosTanno aojukhli 
noABepraTBCH rHApoTypfiHHa, raAporeHepaTop, chctc- 
Mbi peryjmpoBaHHH h B036y>KAemiH, a TaK>Ke boiomo- 
raTejibHoe ofiopyAOBaHHe rHApoarperaTa. 

Henojia^KH b paSoTe rHApoarperaTa, 6y Rb to bh- 
SpaijHH ero OT^ejitHbix Hacreii, hbjichhh KaBHTaipioH- 
HOH 3P03HH H THApaBJIHHeCKHX yA a pOB, HeyCTOHHHBaH 
pafioTa peryjiHTOpa cKopocra h Ap., npHBo^HT k chh- 
HceHHio k .n. a . rHApoarperaTa h yMeHbmeHHio ero 
paSoxocnocoSHocTH. 

3TO, B CBOK) O^epe^B, npHBOAHT K nOBbimeHHK) 
aBapHHHOCTH, yMeHbmeHHio Me>KpeMOHTHoro nepHO^a, 
yBejiHHeHHio BpeMeHH HaxojKACHHH arperaTa b peMome 
h, b kohchhom cneTe, k HeAOBbipaSoTKe arperaTOM 
3JieKTp03HeprHH H yBeJIHHeHHIO HenpOH3BOAHTeJIbHbIX 
3aTpaT. 

H3 3Toro cneAyeT, hto cBoeBpeMeHHoe BbiHBJieHne 
h ycTpaHeHHe Henojia^oK b pafioTe ra^poarperaTOB 
npeACTaBJineT co6oh BectMa cepbe3Hyio sa^any. 

9-2. BHBPAMHII 
ra^POAFPErATOB 

A- GPHHHHM BHEPAIJIifl 

PaSoTa rHApoarperaTOB nan b HeycraHOBHBiueMCH, 
Tan h b yCTaHOBHBUieMCH pe>KHMax Bcer,n;a conpoBO>i<- 
AaeTCH HeKOTOpbIMH KOJieSaHHHMH BpamaiOmHXCH H 
BHSpaaHHMH HenoABHHCHbix ero nacTen. 

J],OnyCTHMbIMH BeJIHHHHaMH BHSpai^HH HeiIOflBH>K- 
Hbix nacTefi rn^poarperaTa MoryT 6bm> Tanne, KOTopbie 
AJiHTejiBHoe BpeMH He cnocofiHbi npHBecru arperaT k 
aBapniiHOMy coctohhhio. 3th BeJiHHHHbi, peraaMeHTH- 
pOBaHHbie TeXHHHeCKHMH yCJIOBHHMH Ha MOHTa>K TH- 

ApoarperaTOB, npHBe^eHbi b § 8-4. 

IIoBbimeHHbie BHfipaijHH ajieMeHTOB rtmpoarpera- 
TOB npHBOAHT K CHHHCeHHIO HX K.n.Ao ^OnOJlHHTeJIB- 
HbiM noTepHM SHeprnH h npe>KAeBpeMeHHOMy BbiBOAy 
rn^poarperaTOB H3 cTpon. KpoMe Toro, iioa B03- 
^eHCTBHeM noBbimeHHbix BnSpai^HH pa3pymaiOTCH 4>yH- 
,n;aMeHTbi h b ijejiOM arperarabie Sjiokh. 

BejiHHHHbi h xapaKTep BH6paipm 3aBHCHT ot Ka- 
necTBa npoercra H 3 roTOBJieHHH h MOHTanca rnApoarpe- 
raTa. Bbi3biBaiomHe BnfipaAHio ycnjin h, kotopbic AencT- 
ByiOT Ha 3JieMeHTbi rHApoarperaTa npn ycraHOBHBiiieM- 
ch pe>KHMe ero pafioTbi, jih6o nepHOAHnecKH H3MeHH- 
IOTCH, JIH6 o HBJIHIOTCH IIOCTOHHHblMH IIO BCJIHHHHe H 
HanpaBJieHHio. B nepexoAHbix pe>KHMax pafioTbi rHApo¬ 
arperaTa 3 th ycHJiHH hm&ot HenepHOAHHecKHH xapaK¬ 
Tep. HHorAa HenepHOAHHecKHe ycHjmn npOHBUHiOTCH 
h npn ycTaHOBHBiHHXCH penoiMax paGoxbi raApoarpe- 
raTOB, Kan, HanpHMep, npn 6jiy>KAaionjeM xaparaepe 
MeHCABHTKOBbIX 3 aMbIKaHHH B KaTyiHKaX nOJIIOCOB POTO- 


units according to a wide programme and as a result 
of observations and operational experience gained 
within the initial period of running. 

These comprehensive tests, as a rule, must be con¬ 
ducted under the rated head and different operating 
conditions, including transients. 

The tests must be conducted simultaneously or in 
stages on the turbine, generator, governing system, 
excitation system, and associated equipment of the 
hydropower unit. 

Malfunction of the hydropower unit, such as 
vibration of its separate parts, cavitation erosion and 
hydraulic hammer, unstable operation of the govern¬ 
ing system, etc. result in the loss of the unit efficiency 
and degradation of service reliability. 

This, in its turn, increases the breakdown rates, 
reduces the service periods, increases onstage time and 
in the long run it leads to derating of the unit and rise 
of capital waste. 

It implies that timely detection and elimination 
of troubles in the operation of hydropower units 
present a fairly serious problem. 

9-2, VIBRATION OF HYDROPOWER 
UNITS 

A. CAUSES OK VIBRATION 

Operation of the hydropower units in transients 
and under steady-state conditions is associated with 
some oscillations of the rotating parts and vibration 
of the stationary ones. 

Vibrations of stationary parts, which cannot bring 
failure on the unit for a long time, are considered to 
be permissible. These vibrations specified by the 
Technical Specifications for installation of hydropower 
units are given in Section 8-4. 

Excessive vibrations of the hydropower unit ele¬ 
ments cause loss of efficiency, additional power loss 
and untimely failure of the hydropower unit. Besides, 
excessive vibrations cause failure of the foundations 
and the whole unit blocks. 

Magnitudes and nature of vibrations depend on 
the design, engineering, manufacture and installation 
of the hydropower unit. Stresses causing vibrations 
which act on the parts of the hydropower unit under 
steady-state operating conditions are either cyclic or 
permanent in magnitude and direction. Under transient 
conditions these stresses are of an irregular nature. 
Sometimes, irregular stresses occur also under a steady- 
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pa reHepaTOpa, npn KaBHTaipioHHbix hbjichhhx b rn- 
ApOTypfiHHe h Apyrnx cjiyuanx. 

Hctouhhkob, Bbi3biBaioiAHx B03MyiqaioiAHe chjibi 
npn pafioTe rHApoarperaTa, BectMa mhoto, oAHano 
omyTHMbie BejiHHHHbi BHfipaijHH b ochobhom nojiy- 
naiOTCH BCJieACTBHe cjiafioro KpenjieHHH onopHbix uac- 
Ten hjih HeAOCTaTOHHOH hx >KecTKOCTH ; HeypaBHOBemeH- 
hocth Mace BpaujaiomerocH poTopa rHApoarperaTa; 
noBbimeHHOH BejiHHHHbi SneHHH Bajia rHApoarperaTa 
ot HeTOHHoro neHTpHpOBaHHH; HenojiaAOK b noAuinnHH- 
kobbix y3Jiax; rHApaBjinnecKHx B03MymaiomHx chji; 
3jieKTp oMarHHTHoro nebajiaHca. 

E* BHEPAIJBtHs BM3EIBAEMLIE HJIOXHM 
ItPEHJIEHHEM M HE^OGTATO^HOM 
HCECTKOCTBIO OHOPKMX qACTEli 

Iljioxoe coeAHHeHHe HeKOTopbix HenoABH>KHbix 
y3jioB rHApoarperaTa Me>KAy co6oh h c (JjyHnaMeHTaMH 
— OAHa H3 npHHHH, b bi3biB aioiAHX ero noBtmieHHbie 
BHdpanHH. 3 to npoHBJinercH rjiaBHbiM o6pa30M nocne 
HarpeBa rHApoarperaTa bo BpeMH cyniKH oGmotok 
THA poreHepaTopa hjih nocjie HenoToporo BpeMeHH pa- 
SoTti ero noA Harpy3KOH. 

Bo BpeMH HarpeBa rHApoarperaTa H3-3a pa3Htix 
TeMnepaTypHbix 3 oh h pa3Hbix K03(J)(J)HAHeHT0B JiHHen- 
Horo paciHHpeHHH MeTajuia h (JjyHAaMeHTHtix onop bo 3- 
HHKaioT HepaBHOMepHbie TenjioBbie A^opMaAHH, ko- 
Toptie HapymaiOT paHee CAejiaHHbie KpeiuieHHH h 
Bbi3biBaiOT noBtmieHHbie BHSpanHH. B 3 tom cjiyuae 
noBbimeHHbie BHdpanHH ycTpaHmoT noBTOpHOH 3aTH>K- 
koh KpenjieHHH npH oiiTHMajitHOH A-^n A aH Horo rHApoa¬ 
rperaTa pafionen TeMnepaType. Bo BpeMH suth^kkh Kpe¬ 
iuieHHH HeofixoAHMO ofiecnenHTt HaAencHtiH KOHTpojit 
3a CTadHJibHOCTbio nojio>KeHHH HenoABHHCHbix nacTefi 
OTHocHTejitHo och rHApoarperaTa npn iiomoiah mecTH 
HJIH BOCtMH paBHOMepHO paCnOJIO>KeHHbIX no OKpy>K- 
HOCTH HHAHKaTOpOB. 

IIpHHHHOH noBbimeHHbix BHdpaAHH MO>Ker 6bITt H 
HeAOCTaTOHHan ncecTKocTt onopHbix nacTen rHApoarpe¬ 
raTa (KpecTOBHHbi, Kopnyc CTaTopa rHAporeHepaTopa h 
onopHbie noAHiHnHHKOBbie KOHCTpyKAHH). 

BndpanHH, Bbi3biBaeMbie jiioGoh h 3 OTMeneinibix 
npHHHH, npOHBJIHIOTCH Ha XOJIOCTOM xoAy H yCHJIHBa- 
iotch npn Harpy3Ke Ha arperaTe. IIpH HeAOCTaTOHHOH 
HcecTKOCTH onopHbix nacTen noBbimeHHan BHfipaqHH 
HMeeT hbho pe30HaHCHbiH xapaKTep c BectMa 6 ojilhioh 
aMnjiHTyAOH, Bbi3biBaioin;eH HHorAa noBepH<ACHHe y3- 
jiob rHApoarperaTa Aa>Ke nocjie HenpoAOJi>i<HTejitHoro 
BpeMeHH SKcnjiyaTaAHH. ^jih yCTpaHeHHH tukhx bh- 
SpaAHH K COOTBeTCTByiOIAHM KOHCTpyKAHHM KpenOT 
AonojiHHTejitHbie pefipa hccctkocth hjih yeraHaBjiHBaiOT 
pacnopHo-onopHbie KOHCTpyKAHH. 


state operation of the hydropower unit, for instance; 
during wandering turn-to-turn fault in the rotor poles, 
during cavitation in the turbine, and in other cases. 

Disturbance forces during operation of the hydro- 
power unit can originate from many sources, but 
tangible vibrations are mainly caused by poor attach¬ 
ment of supporting parts or their inadequate rigidity, 
unbalance of the unit rotating parts, excessive run-out 
of the shaft, inaccurate alignment, troubles in 
bearings, hydraulic disturbance forces, electromagnetic 
unbalance. 

B, VIBRATION CAUSED BY POOR 
ATTACHMENT AND INADEQUATE RIGIDITY OE 
SUPPORTING PARTS 

Poor coupling of some stationary parts of the 
hydropower unit to each other and to the foundations 
is one of the causes bringing on its excessive 
vibration. It becomes apparent primarily after heating 
up the hydropower unit during drying out of the 
windings and after running the unit on load for 
some time. 

In heating up the unit, different temperature zones 
and different expansion coefficients of metal and 
foundation supports cause non-uniform thermal defor¬ 
mations which upset the attachments and bring on 
excessive vibration. In this event vibration is elimi¬ 
nated by the repeated tightening of the attachments at 
a temperature which is optimum for the given hydro- 
power unit. During tightening up of the attachments, 
reliable control must be exercised over a stable position 
of the stationary parts with respect to the center line 
of the unit with the aid of 6 or 8 dial gauges spaced 
at regular intervals over the periphery. 

Inadequate rigidity of the supporting parts of the 
unit (brackets, stator frame, bearing supports) can 
also cause excessive vibrations. 

Vibrations caused by any of these sources become 
apparent at no-load run and accentuate on loading 
the unit. 

With inadequate rigidity of the supporting parts, 
excessive vibration has a resonance nature with a 
fairly large amplitude causing sometimes damage to 
the unit parts even after a short period of operation. 
Such vibrations are eliminated by provision of addi¬ 
tional stiffeners or bracing and strutting fixtures. 
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B. BHEPAIjHII, BEI3 bIBAEMblE 
HEyBABHOBEUIEHHOCTblO MACC 

BPAmAiomErocn 1>OTOPA ril^POArPE- 

rATA 

HeypaBHOBemeHHOCTb Macc BpamaiomerocH poTopa 
rHApoarperaxa hjih HedajiaHC hbjihcxch oahoh H3 Han- 
6 ojiee qacTbix npiranH noBbimemiBix Bn 6 pai*mi ruapo- 
arperaTa. 

npa 3 tom Han6ojn.mafl cocraBJiHiomaH BH6paupatH 
B03HHKaex H3-3a HeypaBHOBemeHHOCTH uacTeH poTopa 
raAporeHepaxopa, TaK KaK pafionne KOJieca ruApoTyp- 
6 hh nocjie hx cdopKH, KaK ynce 6 bijio oxMeueHO paHee, 
noABepraiOTCH cxaxHnecKOH SajiaHCHpOBKe, nero hcjib- 
3H CAejiaTL c poTopaMH rHAporeHepaTopoB bcjicactbhc 
Sojibhihx raSapHTOB h BecoB. 

Kan H 3 BecTHO, ycHJine, Bbi 3 biBaeMoe HeypaBHOBe- 
XXieHHOH MaCCOH, HaXOAHUjeHCH Ha KaKOM-XO paCCTOHHHH 
ot och BpameHHH, onpeAeJinexcn H3 cjieAyiomero 
cooTHomeHHH: 



r^e m — HeypaBHOBemeHHaH Macca; j — ueHTpocrpeMHTejibHoe 
ycKOpeHHe; Q — Bee HeypaBHOBeineHHOH Macct>i ; q — ycKopeHHe 
CHJibi TH>i<ecTn ; r — pa^nyc pacnojio>KeHHH HeypaBHOBenieHHOii 
Maccbi; w — ymoBaa CKopocTb BpameHHH rHApoarperaTa; 
n — cKopocTb BpameHHH arperaTa, o6/mhh. 

H3 npHBeAeriHOH (JiopMyjibi cjieAyex, hto ycnjinn, a 
CJieAOBaxejiLHO, h BejiHHHHa aMnjiHxyAM BHSpaijHH, 
Bbi3biBaeMbie HeypaBHOBeineHHOH Maccon, nponop- 
AHOHajibHbi secy axon Maccbi, paccxoHHHH) axon Maccbi 
ox och BaJia h KBaApaxy CKOpocxH BpameHHH rHApoarpe- 
raxa. Uacxoxa H3MeHeHHH axoro ycnjinn cooxBexcxByex 

CKOpOCXH BpaiACHHH. YCHJIHe A e HCTByeX B FOPH30H- 
xaJIbHOH nJIOCKOCXH. 

HeypaBHOBeuieHHOCxb poxopoB rHApoarperaxoB 
MOH<ex 6 bixb cxaxHnecKOH, a HHorAa h AH HaMH HecKOH. 
ITocjieAHHH OKa 3 biBaex BpeAHbie ACHCtbhh arperaxaM c 
BbICOKHMH pOXOpaMH IIpH OXHOCHXeJIBHO 60 JIBHXOH CKO- 
pocxH BpameHHH. IlpH cxaxHnecKOH 6 ajiaHcnpoBKe Ha 
poxope noMemaexcH ypaBHOBemHBaiomHH rpy3 xaK, 

HXOfibI MOMeHX CHJI OXHOCHXeJIBHO OCH BpameHHH ROJl- 
H<eH 6 bixB paBeH Hyjno. BejiHHHHa h Mecxo KpenjieHHH 
rpy3a onpeACJiHioxcn cnocofioM, onHcaHHbiM b nyHKxe 

r § 9-2. 

JjHHaMHHecKan HeypaBHOBexueHHocxB oSycjioBJin- 
BaexcH HaJiHHHeM A®yx HeypaBHOBemeHHbix Macc, pac- 
nojioH<eHHbix Ha HenoxopOM paccxoHHHH Apyr ox Apyra 
BAOJIB OCH. B 3X0M CJtyHae C 03 AaTCH MOMeHX AeHXpO- 
6e>KHbix chji b njiocKOCTH, npoxoAnmefi nepe3 ocb Bajia. 
npH AHHaMHnecKOH fiaJiaHcnpoBKe ypaBHOBeuiHBaiomHe 
rpy3bi pacnojiaraiox xan, hxoSbi MOMeHXbi Bcex chji ox 
HeypaBHOBemeHHbix Macc h ypaBHOBemHBaiomHX rpy- 
30 B OXHOCHXeJIBHO nonepenHOH och poxopa h cyMMa 
npOeKAHH CHJI Ha OCH KOOpAHHaX 6bIJIH paBHbl HyJIIO. 

CjieAyeT 3 aMexnxB, uxo BHfipaijHH H3-3a HeypaBHo- 
BemeHHoexH Macc npOHBJinioxcH npH xojiocxom xoac 
rHApoarperaxa, npHueM HanSojiBiiiyK) aMnjinxyAy ohh 
HM eiox b ropH30HxajiBHOM HanpaBJieHHH. 


c, vibration caused 

BY UNBALANCE 
OF MASSES 
OK ROTATING PARTS 

Unbalance of the rotating parts of the hydropower 
unit is one of the most frequent causes of excessive 
vibration. 

The largest component of vibration is caused by 
the unbalance of the generator rotor because the run¬ 
ners, as mentioned above, are subject to static balancing 
after their assembly, which cannot be done on the 
generator rotors because of large sizes and masses. 

As is known, the force caused by the unbalanced 
mass spaced at some distance from the axis of rota¬ 
tion, is determined from the following equation: 


where m is unbalanced mass; j is centripetal acceleration; Q is 
unbalanced mass; q is acceleration of gravity; r is radius of un¬ 
balanced mass location; w is hydropower unit angular velocity; 
n is speed in rpm. 

It follows from the equation that the forces and, 
hence the magnitude of vibration amplitude caused 
by the unbalanced mass are proportional to the weight 
of this mass, distance of this mass from the center 
line of the shaft and squared speed of the unit. Fre¬ 
quency of this force fluctuation corresponds to the 
speed of rotation. This forces act in the horizontal 
plane. 

Unbalance of the rotating parts may be static and 
sometimes dynamic. The latter has an adverse effect 
on the hydropower units with high rotating parts at 
a relatively high speed. During static balancing, a 
balancing weight is so attached to the rotating parts 
that the moment of forces with respect to the axis of 
rotation should be zero. The weight magnitude and 
place of its attachment are determined by the method 
described in Subsection D, Section 9-2. 

The dynamic unbalance is caused by the presence 
of two unbalanced masses located at some distance 
from each other along the axis. In this event, a moment 
of centrifugal forces develops in the plane passing 
through the center of the shaft. 

During dynamic balancing, the weights are so 
arranged that the moments of all forces due to unba¬ 
lanced masses and weights with respect to the trans¬ 
verse axis of the rotating parts and the sum of the 
force projections onto the axes of coordinates should 
be equal to zero. 

It should be noted that vibrations caused by the 
unbalance become apparent at the no-load run, with 
the maximum amplitude developed in the horizontal 
direction. 
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IIoHBjieHHe noBbimeHHbix BHdpaqHH xojibko npH 
Harpy3Ke oSbiuho Bbi3biBaexcn KOMnjieKcoM npHUHH, 
KOXOpbie B B3aHM0AeHCXBHH C03Aai0X doJIBIHHe B03- 
Mymaiomne chjibi . C H 3 MeHeHHeM Harpy 3 KH KaK b 
cxopoHy yBejinneHHH, xaK h b cxopoHy yMeHBtueHHH 
xapaKxep BHSpaijHH h hx BejiHHHHbi Moryx mchhxbch. 


Excessive vibrations occurring only under on-load 
running are usually the result of a number of causes 
which generate heavy disturbance forces at interaction. 
The nature and magnitude of vibrations may change 
at the load variation both towards increase or 
decrease. 


I\ anilAMIMECKA^I BAJrAnGHPOBKA l). DYNAMIC BALANCING 

POTOPA FH3POATPBFATA OK RO I ATTN® PAR I S 


JfHHaMHnecKyio dajiaHCHpoBKy poxopa hjih ypaB- 
hob eniHBaHHe Macc BpamaiomHxcH nacTen rnnpoarpe- 
raxa BbinojiHHiox ycxaHOBKOH cooxBexcxByiomero rpy3a 
c Handojiee jierKOH cTopoHbi poxopa Ha onpeAejieHHOM 
paccxoHHHH no paAHycy ox och BpameHHH. 

CymecxByex hcckojibko oioco 6 ob AnHaMHnecKOH 
flajiaHCHpoBKH poxopoB THAporeHepaxopoB: cnocob 
xpex nycKOB, rpa4)HHeci<HH cnocod, cnocod no oxMexKEM 
Ha Bajiy, cnocod odxoAa npodHbiM rpy30M h ap* Han- 
jiynniHM cnocodoM cunxaexcH cnocod odxoAa npodHbiM 
rpy30M, xan KaK oh Handojiee npoex, HarjiHAeH h odec- 
neuHBaex BecBMa xonHyio dajiaHcnpoBKy. 3aKJiio- 
naexcH oh b cjienyioiAeM. 

OKpy>KHocxb Ha poxope, Ha Koxopon npenojiaraexcH 
KpennxB npodHbiH rpy3, acjihxch (pnc. 224, a) Ha rnecxB 
HJIH BOCeMB paBHbIX HaCXeH, HHCJIO KOXOpbIX odbIHHO 
paBHO hjih KpaxHO HHCJiy cnnii poxopa. ^Jimiy sxoh 
oKpy>KHocxH b BbidpaHHOM Macinxade pa3BepTbmaiox 
h oxKJiaAniBaiox Ha ocb X. Ha och Y BHauajie oxKjia- 
Abinaiox (xoHce b Bbidp shhom Macinxade) cpeAHioio 
BejiHHHHy abohhoh aMnjiHxyAbi BHdpaAHH, 3 aMepeHH 0 H 
Ha KpecxoBHHe h noAninnHHKOBbix onopax npH homh- 
HaJIBHOH CKOpOCXH BpameHHH. 3axeM B KaKOH-JIHdo H3 
Ha3HaneHHbix xoneK ycxaHaBJiHBaiox npodiibin rpy3, 
Bee Koxoporo noACUHxan no (jiopMyjie 


The rotor or the rotating parts of the unit should 
be dynamically balanced or their masses equalized 
by fixing a respective weight on the lightest side of 
the rotating part at the specified radial distance from 
the axis of rotation. 

There are several methods of dynamic balancing 
of the unit rotating parts: three-start method, graphical 
method, by marks on the shaft, by trial positioning 
of the weight etc. The best method is the trial position¬ 
ing of the weight because it is the simplest and illustra¬ 
tive method which ensures fairly accurate balancing. 
This method consists in the following. 

The circumference of the rotor on which the trial 
weight is supposed to be secured, is divided 
(Fig. 224, a) into six or eight equal parts, the number of 
which is equal to, or a multiple of, that of the rotor 
arms. The length of this circumference is developed 
to the chosen scale and plotted along the X-axis. 
Plotted on the Y-axis is the mean value of double 
amplitude of vibration (also to the chosen scale) measu¬ 
red on the bracket and bearings at the rated speed. 

Next the trial balance weight is fixed at one of the 
chosen points. Its mass is determined by the formula 



\±G 

n 

3000 j 


r^je P u p — Bee npo6noro rpy3a, Krc; [i — BejiH^iHHa #bohhoh 
aMnjiHTy^bi BnGpauHH, mk; G — Macca poTopa, t; R — pac- 
CTOHHue ot och BpameHHH ro ijeHTpa TH>KecTH npoOHoro rpy 3 a, 
mm; n — CKopocTb BpameHHH, o 6 /mhh. 

Ilocjie Hane>KHoro KpenjieHHH npofinoro rpy 3 a 
THApoarperax pacKpynHBaiox ao HOMHHajiBHOH hjih no- 
HH>KeHHOH CKOpocxH BpanjeHHH npH Koxopon saMepHiox 
BHfipaijHH Bajia b AByx B3aHMH0 nepneHAHKyjinpHbix 


Ptw - 0.1 


\iG 


R 



2 


where Ptw is mass of the trial balance weight in kgf; p. is double 
amplitude of vibration in ja ; G is rotor mass in t; R is distance 
from axis of rotation to center of gravity of trial weight in mm; 
n is speed in rpm. 

After reliably securing the trial balance weight, 
the hydropower unit is accelerated to the rated or 
reduced speed at which shaft vibrations are measured 



.Phc. 224. rpa<J)HK 3 HaueHHH BiiSpamra c npo 6 m>iM rpy- 
30 M MeHbine h Sojibme HeOanaHca poxopa 

Fig. 224. Vibration values with trial weight of more and 
less than rotor unbalance 
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ceueHHHx. 3aMep BHfipaijHH iipoh3boahtch BH6poMe- 
TpOM, OCI^HJIJIOrpa(J)OM OT TCH 30 MeTpHUeCKHX KOHTaKT- 
HblX AaTHHKOB HJ1H 6eCKOHTaKTHbIMH MarHHTHBIMH A^T- 
HHKaMH jih6o HH^HKaTopaMH, 3aKpenjieHHbiMH Ha He- 
nOABHJKHOM OCHOBaHHH. 

nojiyneHHbie cpe^Hne ^aHHbie 3aMepoB BHfipaijHH 
(aB oimyio aMiuimyAy) otk Jia abib aiOT b BbiSpaHHOM 
MacniTa6e Ha cooTBeTCTByiomyio b epTHKa JiBHy io ocb 
rpa(|)HKa (pnc. 224, 6). SaTeM rpy3 nepecraBJiHiOT 
nocjieAOBaTejibHo b HaMeueHHbie coceAHHe tohkh, bbi- 
hojihhh aHajiorHHHbie 3aMepbi h naHOCH hx A^HHbie Ha 
cootb eTCTByiomHe BepTHKaJiBHbie och. Cocahhhb ot- 
MeneHHbie Ha BepTHKajibHbix ochx tohkh miaBHOH KpH¬ 
BOH, nojiyHHM KpHByio /, KOTopan xapaKTepH3yeT 
MaKCHMajibHbie BHfipaijHH rnApoarperaxa npn pa3JiHH- 
Hbix nojio>KeHHHx Ha poxope npofiHoro rpy3a, MeHBiuero, 
neM HeGajiaHC poTopa. 

IIpaBHJibHocTb 3aMepoB Rjm cjiynan, KorAa npo6- 
HbiH rpy3 MeHbine HeSajiaHca poTopa, 6yAeT noATBep- 
>KACHa, ecjiH pa3HOCTB Me>KAy HanfiojiBiueH BHfipamieH. 
nojiyHeHHOH c npofiHBiM rpy30M, h nepBOHauajiBHOH 
BHfipaimeH 3 6yAex paBHa pa3HOCTH Me>KAy nepBOHa- 
najibHOH BnGpamieH h HaHMeHBHieii BHSpaimeH, nojiy- 
neHHOH c npoSHbiM rpy30M, T.e. norAa 66 2 = aa 2 

(pnc. 224, 6). 

HeTpyAHO npocjieAHTb, hto ecjiH npofiHBiH rpy3 
b3ht Sojibuie, neM He6ajiaHC pOTopa (KpHBan 2, pnc. 
224, 6) 3 th pa3HocxH He 6yAyT paBHbi Me>KAy coSoh, 
T .e. 6 2 6 2 = a 2 a s . He 3 aBHCHM 0 ox BejiHHHHbi npofiHoro 
rpy3a HanfiojiBinee h HaHMeHtmee 3HaneHHH BHfipaijHH 
COOTBeTCTByiOT OAHHM H TCM >Ke AHaMCXpaJlBHO npOTHBO- 
nojio>KHbiM nojio>KeHHHM npoSHoro rpy3.a Ha OKpy>K- 
hocth pOTopa. Ecjih b 3 htbih rpy3 MeHbine HefiajiaHca 
pOTopa, Bee rpy3a HeofixoAHMoro rjisi nocTHHceHHH 
6anaHca, onpeAeJiniox no KpHBOH 1 . 

H3 3TOH KpHBOH BHAHO, HTO HaHMeHBIHHe 3HaHCHHH 
BHSpaAHH COOTBeTCTByiOT TOHKe a. OnyCTHB H3 TOHKH 
a nepneHAHKyjinp Ha pa 3 BepHyTyio 0 Kpy>KH 0 CTB pOTopa, 
nojiynHM TOHKy a x , KOTOpan h 6 yACT cooTBeTCTBOBaTB 
MecTy ycxaHOBKH SanaHcnpyiomero rpy3a. 3aTCM Ayry 

0 Kpy>KH0CTH Ha pOTOpe, cooTBeTCTByromyio TOHKaM 
2 —3, acjiht nponopAHOHaJibHO OTpeaKaM. Ha rpa(J)HKe 
2-a x h a x -3, nojiynaiOT TOHKy Ha poTope, KOTopan 
AoiDKHa coBnaAaTb c uempoM th>kccth 6 ajiaHCHpyio- 
mero rpy3a. HeTpyAHO bhactb, hto Bee SaJiaHcnpyio- 
mero rpy3a, npH kotopom BHSpaijHH b TOHKe a 6yAex 
paBHa Hyjiio, mokho onpeAejiHTb H3 coothouichhh 

Pe.H “ Pnp j 

ClCt 2 

tj\q Pg.h — Bee SajiaHCHpyiomero rpy3a; P n p — Bee npo6Horo 
rpy 3 a; a x a % h aa 2 — cooTBeTCTByionjiHe oTpe3KH Ha b epTHKa jtbhbix 

jihhhhx (pnc, 224). 

B cjiynanx, KorAa npo6Hbm rpy3 6ojibine HeSajianca 
pOTopa (KpHBan 2), Bee 6ajiaHCHpyioiAero rpy3a 

Pe.H = Pn p 6 ^. 


at two mutually perpendicular sections. Vibrations 
are measured with a vibrometer, oscillograph from 
contact-type strain gauges or by contactless magnetic 
transmitters, or with the aid of dial gauges mounted 
on a stationary base. 

The average readings of vibrations (double ampli¬ 
tude) are laid off to the chosen scale on the vertical 
axis (Fig. 224, 6). 

Then the weight is shifted in succession from point 
to point with similar measurements being taken and 
their readings plotted on the respective vertical axes. 
By running a line through the points on the chart, 
curve I will be constructed which characterizes the 
maximum vibrations of the hydropower unit with 
the trial weight (less that the rotor unbalance) assuming 
different positions on the rotor. 

Validity of measurements for the weight less than 
the rotor unbalance will be confirmed if the difference 
between the maximum vibration obtained with the 
trial weight on and original vibration 3 equals the 
difference between the original and the minimum 
vibration obtained with the trial weight, i.e. when 
66 2 — aa 2 (Fig. 224, 6). 

It is easy to see that if the trial weight exceeds the 
rotor unbalance (curve 2, Fig. 224, 6), these differences 
will not be equal, i.e. 6 % 6 Z ^ a 2 a z . Irrespective of the 
mass of the trial weight, the maximum and minimum 
magnitude of vibrations corresponds to the same 
diametrically opposite locations of the trial weight on 
the rotor periphery. If the trial weight is less than 
the rotor unbalance, the mass of the weight required 
to attain balance is determined from curve /. 

This curve shows that minimum magnitudes of 
vibrations correspond to point a. By dropping a per¬ 
pendicular line of the developed circumference of the 
rotor we obtain point which will correspond to the 
location of the balance weight. Then the arc of the 
rotor circumference corresponding to points 2—3 is 
divided proportionally to lengths 2— a x and a x —3 on 
the chart and a point is found on the rotor which 
must coincide with the center of gravity of the weight. 
It is easy to see that the mass of the balance weight, 
which will reduce vibration at point a to zero, can be 
determined from the equation 


— i>tw — ” ‘ 

aa % 

where Pbw is mass of the balance weight; Ptw is mass of the trial 
weight; a x a % and aa 2 are respective lengths on the vertical lines 
(Fig. 224) 

In cases when the trial weight exceeds the rotor 
unbalance (curve 2), the mass of the balance weight 
is determined from the expression 


Pbw — Ptw 


M. 

£ 2 63 


410 


Tan KaK HanSojitHiaH BHdpaqHH npH 3tom cooTBeTCTsyeT 
HOJiOHceHHio rpy3a b Tonne 6 X , T.e. Me>i<Ay nnTbiM h 
uiecTbiM ACJieiiHHMH 0Kpy>KH0CTH, 6ajiaHCHpyiomHH 
rpy3 HeodxoAHMo ycraHOBHTb b AuaMexpajibHO npo~ 
THBonojio>KHOH Tonne Ha oKpy >khocth poTopa, T.e. B 
Tonne a x . 

Ecjih GajiaHCHpyiomHH rpy3 yAodHee nocxoHHiio 
pacnojio>KHTb h 3aKpenHTb Ha OKpy>KHocxH Apyroro 
paAHyca, ueM tot, Ha kotopom ero aanpenjinjiH, to 
B ee 3Toro SajiancHpyiomero rpy3a AOJi>KeH 6biTb co- 
OTBeTCTBeHHo nepecnHTaH. 

KpenHTb rpy3 HaAO Tan, htoSbi ycnjinn b Kpenjie- 
hhhx ot ueHxpo6e>KHbix chji npn pa3roHe rHApoarpe- 
raTa He 6buiH donee AonycTHMbix. 

Ilocjie OKOHnaTejibHoro KpeiuieHHH dajiaHcnpoBon- 
Horo rpy3a arperaT bhobb 3anycKaiOT h npoBOAHT koh- 
TpojiBHyio npOBepny BHSpaitHH noAHiHnHHKOBbix onop 
H KpeCTOBHH. 

A< BHEPApilHj BM3MBAEMWE 
nOBLIUIEHHLlM EHEHHEM BAJIA 
rHAPOAFPEfATA 

IIoBbimeHHoe SneiiHe Bajia rnApoarperaTa Taione 
HBJIHeTCH OAHHM H3 CyilteCTBeHHblX (|)aKTOpOB, yBCJIHr 
HHBaiomHx aMnjiHTyAy BHdpaitHH noABH>KHbix h He- 
noABHH<Hbix nacTeii rnApoarperaTa. 

YBejiHneHHoe dneHHe Bana Bbi3biBaeTCH cjieAyio- 

tAHMH OCHOBHbIMH npHHHHaMH: 1) H3JI0M0M OCH Bajia 

BCJieACTBHe HenepneHAHKyjmpHo cth k och Bajia oahoh 
hjih o6enx conpnraioiAHxcH nnocKocTeii (JjjiaHiteB Typ- 
SHHHoro h reHepaTopHoro BajioB ; 2) hccoochoctbio 
B ajioB TypdnHbi h reHepaTopa; 3) HenepeneHAHKyjinp- 
HOCTBK) njIOCKOCTH TpeHHH AHCKa nOAnHTHHKa K OCH 
Bana; 4) HajiHnneM 3a30p0B Me>KAy conpnraeMbiMH 
noBepxHO cthmh Ha BTyjiKe nOAnHTHHKa h Bajiy, koto- 
pbie OKa3biBaiOT oco6o BpeAHbie a^hctbhh npn Henep- 
neHAHKyjinpHOM pacnojio>KeHHH BanopHon innoHKH k 
och Bajia b reHepaTOpax noABecHoro rana. 

IlepBbie ABe npHum-ibi hbjihiotch pe3yjiBTaTOM 
HeycTpaHeHHbix npn MOHTa>Ke ac^cktob 3aBOACKOH 
o6pa6oTKH conpnraioiAHx njiocKOCTeH h iteirrpHpyiomHx 
SypTHKOB H BblTOHKH Ha (J)JiaHAaX BaJIOB TypdHHbl H 
reHepaTopa. 

YcTpaHeHHe othx A^eKTOB npoH3BOAHTCH nyTeM 

CHHTHH CJIOH MeTaJIJia UIJIH(|)OBaHHeM HJIH npnnHJIOB- 
koh c oahoh H3 conpnraioiAHx njiocKOCTeH (JjjiaHqeB h 
HenoTopoH uacTH iteHTpnpyioiitero 6ypTHi<a Tan, utoSbi 
nocjie coeAHi-ieiiHH 4>JiaHij;eB b iijiockocth pa3beMa hx 
He 6buio H3JiOMa och Bana rnApoarperaTa h htoSbi ocb 
reHepaTopHoro coBnaAajia c ocbio TpySnHHoro Bajia. 

BHdpaqHH, Bbi3bmaeMbie HenepneHAHKyjiHpHOCTBio 
njIOCKOCTH TpeHHH AHCKa nOAnHTHHKa H OCH Bajia H 
HajiHnneM yBeJiHueHHoro 3asopa Me>i<Ay conpHraeMbiMH 
noBepxHocTHMH Ha BTyjme nOAnHTHHKa h Bajia, hbjihiot¬ 
ch TaKJKC CJieACTBHeM AecJieKTOB 3aBOACKOrO H3rOTO- 
BJieHHH, KOTOpbie npH MOHTa>Ke He 6bUIH BbIHBJieHbl H 
ycTpaHeHbi. 


Since the heaviest vibrations will correspond to 
the location of the weight at point 6 Xi i.e. between the 
5th and 6th divisions of the circumference, the balance 
weight must be fixed at the diametrically opposite 
point, i.e. at point a v 

If it is more convenient to position the weight 
permanently and secure it at the circumference of a 
radius other than the original one, the mass of this 
balance must be recalculated respectively. 

The weight must be secured so that stresses develop¬ 
ing in the attachments due to centrifugal forces 
during the unit acceleration do not exceed permissible 
levels. 

Once the balance weight is finally secured, the unit 
is again started up to check the bearing supports and 
brackets for vibration. 

E; VIBRATIONS CAUSED 
BY EXCESSIVE 

RUN-OUT OF THE UNIT SHAFT 

Excessive run-out of the unit shaft is one of major 
factors increasing the vibration amplitude of rotating 
and stationary parts of the hydropower unit. 

Excessive run-out of the shaft is caused by the 
following factors: (1) angularity of the shaft line which 
develops when one or both mating surfaces of the 
turbine and generator shaft flanges are out of square 
with the shaft axis; (2) misalignment of the turbine 
and generator shafts; (3) the thrust runner is out of 
square with the shaft axis; (4) clearances between the 
mating surfaces of the thrust collar and the shaft 
which produce extremely adverse effects if the key is 
out, of square with the shaft axis on the overhung type 
generators. 

The first two causes stem from defective shop 
machining of the mating surfaces, pilot fillets and 
recess on the turbine and generator shafts, which 
were not rectified during installation in the field. 

These defects are eliminated by grinding or filing 
a metal layer off one of the mating surfaces of the 
flanges and some portion of the pilot fillet so that after 
coupling the flanges, no angularity should develop 
in the unit shaft line at the joint of flanges and the 
center line of the generator shaft should coincide with 
that of the turbine shaft. 

Vibration caused by vertical misalignment of the 
thrust runner mirror in respect to the shaft axis and 
excessive clearance between the thrust collar and the 
shaft surface, also results from shop defects which have 
not been detected and eliminated in the field. 
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B npaKTHKe GwBaioT cnyuan, Kor^a Ban rHApoarpe- 
raTa, xoporno oTijeHTpHpOBaHHbiH ao nocraHOBKH 
rHApoarperaTa Ha obopoTW, nocne HeKOToporo speMe- 
hh paGoTW HMeeT noBbiuieHHbie 3HaueHHH Ghchhh . 
3to nojiynaeTCH name Bcero TorAa, KorAa Ha raApoa- 
rperaTe B03HHKaK>T BepTHKaJiBHwe BHGpaijHH, Bbi3WBae- 
Mbie rJiaBHbIM 06pa30M KaBHTaiJHOHHWMH HBJieHHHMH. 
npOHCXOAHT 3 TO 3 a CUeT HeKOTOporO yilHOTHeHHH COH- 
JICH 6 HHH Ha BpamaiomeHCH nacTH poTopa, HanpHMep 
H 3 - 3 a HenpaBHOMepHoro oGhothh 3anopHoro Konbija 
npH OTHOCHTejibHO cboGoahoh nocaAKe BTyjiKH noAnnx- 
HHKa Ha Ban, HepaBHOMepHoro oG>KaTHH nponnaAOK, 
yCTaHOBJieHHbIX Me>KAy 3 epKaJIBHbIM ahckom h BTyJI- 
koh noAnHTHHKa 3 a Taione BCJieACTBHe h3mchchhh no- 

JIO>KeHHH BTyjiKH no AnHTHHKa OTHOCHTejibHO Bajia, 
Bbi 3 biBaeMoro HepaBHOMepHbiM yiuioTHeHHeM nocaAou- 
Hbix noacoB Ha BTyjiKe, h, HaKOHeq, npocro npH Ae4)op- 
Man,nn BTyjiKH, KOTopan nponcxoAHT npn nepepacnpe- 
AejieHHH jiHTeHHbix, jih6o CBapouHbix HanpHHceHHH, b 
3 aBHCHMOCTH OT KOHCTpyKAHH BTyjiKH, HJIH HanpHHCe- 
HHtl, BbI 3 BaHHbIX rOpHUCH IIOCaAKOH BTyjiKH Ha Baji. 

Hajinnne Tannx acc^cktob iiphboaht k TOMy, hto 
B aji bo BpeMH BpameHHH o6pa3yeT KOHyc, BCJieACTBHe 
nero 3HanHTejibHO yBejinnuBaeTcn BHGpaipm Bcero 
rHApoarperaTa. 

OnpeAeJieHHe BejinnnH noBbiineHHoro Ghchhh Bajia 
h ycTpaHeHne toabko hto paccMOTpeHHbix A^cktob, 
BbI3bIBaiOIAHX 3T0 GhCHHC, npOH3BOAHTCH cnocoGaMH, 
OIIHCaHHbIMH B § 5-9 H 5-11. 


E. BKBPAIUII!., BMSbJLIIAEAlblii 

HEnOJ1A;|K/VMH B nOMIiranHIiKOBblX 

V 3 a AS 1 1 11 J \ PGA 1 ■ PEFATA 

Hpe3MepHO SojibuiHe hah HeAonycTHMO MaAbie 
3a30pbl B noAHIHnHHKaX, 3 KCAeHTpHHHOCTb HAH HeCO- 
ocHOCTb nieeK Bana, a Taione HecoocHan ycTaHOBKa 
BKAaAbiineH Bcex noAUiHriHHKOB Bbi3biBaioT noBwme- 
HHe BnSpaAHH rHApoarperaTa. 

BnSpaAHH rHApoarperaTa, Bbi3biBaeMbie HeAonycTH- 
MO 60 JIBIHHMH HAH Hpe 3 MepH 0 MaAbIMH 3a30paMH B 
noAHiHnHHKax h hccoochoh ycTaHOBKOH BKna a which, 
ycTpaHHioT cooTBeTCTByioiAeH perynnpoBKOH sthx 3a- 
30p0B CIIOCoGaMH, paCCMOTpeHHbIMH B § 4-13 H 5-12. 
ITpH 3 TOM Ha AO HMCTB B BH AY 5 ATO HanGonee BblCOKO- 
KanecTBeHHan onoHnaTeAbHaH perynnpoBKa mojkct 
6 biTb npOH 3 BeACHa tojibko ahihb nocne HeKOToporo 
BpeMeHH Haxo>KACHHH rHApoarperaTa Ha oGopoTax. Th- 
ApoarperaT HcenaTenBHO n e P >KaTt Ha oGopoTax, npeBW- 
inaiomHx Ha 10—12% HOMHHaABHbie, oGecneunB npn 
3 T 0 M HaAAe>KaiAHH KOHTpOJIb 3a BHGpaiJHHMH onopHbIX 
nacTen. 

Tanaa 4)opcHpoBaHHaH paGoTa rHApoarperaTa Ha 
XOAOCTOM XOAy yCKOpHCT npOIjeCC o6mHH 3HHH B33HMHO 
conparaeMbix onopHbix 3 acmchtob noAniHnHHKOBBix 
y3 AOB h Apyrax y3A0B rHApoarperaTa; nponcxoAHT nan 


In practice there may be cases when the unit shaft 
which has been properly aligned prior to patting rtte- 
unit in operation, experiences an excessive run-out, 
This happens primarily when vertical vibrations occur 
in the hydropower unit, caused mainly by cavitation. 
It results from some tightening of joints on the rotating 
parts, such as because of non-uniform compression 
of the retaining ring with a relatively loose fit of the 
thrust collar on the shaft, non-uniform compression 
of the shims installed between the thrust runner and the 
thrust collar (block), and also due to displacement 
of the thrust collar with respect to the shaft caused 
by non-uniform compression of the thrust collar seats 
which occurs due to re-distribution of casting or 
welding stresses depending on the construction of the 
thrust collar or stresses caused by shrinking the thrust 
collar on the shaft. 

These defects cause tapering of the shaft in the 
course of rotation with the result that excessive vibra¬ 
tions occur in the entire unit. 

Determination of excessive run-out of the shaft 
and elimination of the above defects causing this 
run-out are conducted by methods described in Sections 
5-9 and 5-11. 

E. VIBRATIONS caused 
\\\ TROUBLES 

1 rs IU.AR1NCS OJ HYDROPOWER UNITS 

Excessive or inadmissibly small clearances in the 
bearings, eccentricity or misalignment of the shaft 
journals, and misalignment of all the bearing shells 
cause heavy vibration of the hydropower unit. 

Vibrations of the hydropower unit caused by exces¬ 
sive or extremely small clearances in the bearings 
or by misalignment of the bearing shell are eliminated 
by adjustment of these clearances by methods discus¬ 
sed in Sections 4-13 and 5-12. It should be borne 
in mind, however, that high quality adjustment can 
be performed only after running the unit for some 
time. The hydropower unit should be run at a speed 
10 —12% above the rated value with vibration of the 
supporting parts being properly monitored. 

Such forced operation of the hydropower unit at 
no-load run speeds up “local deformation” processes 
of the joined supporting elements of the bearings and 
other components of the unit, i.e. the joints become 
sort of formed. Vibration caused by eccentricity of 
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Gw (jjopMOBaHHe couneHemiH. Bn 6 pau;HH, BW3biBaeMa# 
3KCAeHTpHHHbiAi pacnononceHHeM uieeK sana k ero\ 
och, AaeT BecbMa omyraMbie bcjihhhbi. B stom cjiyuae 
meHKa BaAa, Bpamancb b noAumnHHKe, pa 6 oTaeT Kan 
AeHTpo 6 e>KHbiH Hacoc, co3AaBan b 30He MacjmHOH 
nneHKH nepeMeHHbie AaB achhh . Skcachtphuhoctb uieeK 
Bana o6pa3yeTCA raaBHBiM o6pa30M b pe3yjibTaTe skc- 
AeHTpHHHOH 06 TOHKH HJIH OTCTaBaHHH oGaHIJOBKH OT 
BaAa. YcTpaHAeTCA OHa npHBeAeHHeM uieeK b kohach- 
TpHHHoe k och Bana noAOJKeHHe. 3 to AocTHraeTCH 
npoTOHKOH uieeK Bana npn noMomn cneimaAbHoro npn- 
CnOCoGAeHHH HAH npHIIHAOBKOH H IUAH(j)OBKOH Bpyu- 
Hyio no TOHHOMy iuaGAOHy c npoBepKOH kohachtphh- 
hocth HHAHKaTopoM npn noBopoTe Bana Ha 360°. IIpH 
OTCTaBaHHH oGnimoBKy meiiKH BaAa npHBapHBaiOT c 
noMoujbio 3 AeKTpo 3 aKAenoK c nocAeAyiomeu o 6 pa- 
Gotkoh. 


Ai> BHBPAUHH, 

T MjG(P A B JJ 11 l IE CKHMH B 03 MViq AIOIUHMn 

CI 1 JIAMH 

THApaBAunecKHe B03Mym;aK)iAHe chabi MoryT B03- 
HHKHyTb BCAeACTBHe HeCHMMCTpHHHOCTH BpaiAaiO- 
IAHXCH B BOAOTOKe HaCTefi; HeCHMMeTpHHHOCTH A^BAe- 
hhh no OKpy jkhocth paGouero KOAeca raApoTypGHHw; 
HenpaBHJIBHO yCTaHOBAeHHOH KOMGHHaTOpHOH 33 BHCH- 
MOCTH; KaBHTaUiHOHHblX ABAeHHH; pe30HaHCa HaCTOTBI 
cboGoahbix KOAeGaHHH KOBmen paGonero KOAeca kob- 
moBOH TypGnHbi c uacTOTOH B03MymeHHH, nojiynaeMbix 
paGouHM KonecoM ot conen h 3AaHHH T3C; ruApaBAH- 
uecKoro HeGanaHca paGounx KOAec rHApoTypGHH. 

HecHMMeTpHUHOCTb BpamaioiAHXCH uacTefi othoch- 
TeABHO och BpameHHH THApoTypGHHbi BW3biBaeT nepe¬ 
MeHHbie B 03 MymaiomHe rHApaBAHuecKne chaw. Tan, 
HanpHMep, SKCijeHTpHUHaH oGTouna oGoAa h ynAOT- 
HHTeAbHbix KOAeu, paGouero KOAeca h HeyAauHwe 
pacnoAOHceHHH h ({)opMa GanaHcnpoBOUHoro r^y3a 
BecbMa nacTO hbahiotch npHHHHOH noBwmeHHbix bh- 
GpaAHH rHApoarperaTa. 

HaAHUHe Ha paGoneM KOAece paAHaAbHO-oceBoii rn- 
ApoTypGHHW iahtob Ae^JAeKTopa, pacnoAO>KeHHbix He 
b nepneHAHKyAHpHOH k och BpameHHH iiaockocth, 
TaKH<e MOHCeT BbI3BaTB AOnOAHHTeJIbHbie BHGpaAHH. 
Tan Kan B03MyuiaioiA a A rHApaBAHuecKan cnna npHMo 
nponopAHOHaAbHa AaBAenmo b mejinx yn aothchhh , 
BHGpauHH rHApoarperaTOB, paGoTaioiunx Ha Gojibmux 
Hanopax, npoHB ahctch 3aMeTHee. 

BnGpaitHH, BW3WBaeMbie sthmh npHUHHaMH, nac- 
thuho mojkho yMeHBuiHTB AeHTpHpoBaHHeM paGonero 
KOAeca, ycraHOBHB ero TaK, utoGbi ocb BpameHHH Ha - 
xoAHAacb crporo no ijeHTpy KaMepbi, a Taunce coot- 
BeTCTByiom™ nepeHeceHHeM GaAaHCHpOBOHHoro rpy3a. 
HHOFAa yAaeTCH 3HaUHTeJIBH0 yMeHBUIHTB BHGpaAHH, 
hoaboah B03Ayx noA AaBAeHHeM k HapyncHofi cropoHe 
HHHCHero oGoAa paGouero Koneca. 

HeCHMMeTpHUHOCTB AaBAeHHH no 
oKpyH(HocTH paGouero KOAeca BCAeACTBHe HenpaBHJiB- 


the shaft journal with the shaft axis gives rather tangible 
magnitudes. In this case the shaft journal rotating in 
the bearing operates as a centrifugal pump creating 
variable pressure in the oil film zone. Eccentricity of 
the shaft journals results essentially from eccentric 
machining or exfoliation of the shaft liner. Eccentricity 
can be eliminated by making the shaft concentric 
with the shaft axis. This is achieved by machining the 
shaft journal with the aid of a special tool or by filing 
and hand grinding to a precise templet, the concentri¬ 
city being checked with a dial gauge with the shaft 
turned through 360°. 

In the event of exfoliation, the shaft journal liner 
is welded back with electric rivets with subsequent 
machining. 

0. VIBRATIONS C AUSED 
BY HYDRAULIC 
DISTURBING FORCES 

Hydraulic disturbing forces may be caused by 
asymmetry of the parts rotating in the water passage, 
asymmetry of pressure on the periphery of the runner, 
wrong cam relationship between the wicket gate setting 
and the setting of runner blades, cavitation pheno¬ 
mena, resonance due to natural runner bucket oscil¬ 
lation frequency with the disturbing frequency induced 
by the turbine nozzles and powerhouse, hydraulic 
unbalance of the turbine runner. 

Asymmetry of the rotating parts with respect to 
the turbine axis of rotation causes variable hydraulic 
disturbing forces. For instance, eccentric machining 
of the rim and sealing rings of the runner or poor 
shape and location of the balance weight cause fairly 
often excessive vibration of the hydropower unit. 

The presence of baffles on the Francis runner arran¬ 
ged in the plane out of square with the axis of rotation 
may be also a cause of additional vibrations. As hydrau¬ 
lic disturbing forces are directly proportional to the 
pressure in the seal gaps, vibration of the hydropower 
units operating at high heads becomes more appre¬ 
ciable. 

Vibration resulting from these causes can be par¬ 
tially reduced by centering the runner so that the axis 
of rotation is positioned to the perfect center of the 
runner chamber as well a as by respective shifting of 
the balance weight. Sometimes, vibrations are tangibly 
reduced by supplying air to the outer side of the run¬ 
ner rim. 

Asymmetry of pressure on the peri¬ 
phery of the runner. because of an irregular shape of 
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HOH (JjOpMbl CnHpaJIBHOH KaMepbl, SaCOpeHHH HeKOXOpOH 
qacTH ee iioctopoiihhmh npeAMeTaMH, 3aKynopKH Ka- 
koh-xo qacTH npoxoAHtix ceueHHH mokay abymh cm e>K- 
hbimh jionacTHMH pa6ouero KOJieca hah HepaBHOMepHoro 
OTKpbixHH nanpaBAHioiAero annapaTa rnApOTyp6 hhbi 
xaK>Ke mo>kct Bbi3BaTb noBBimeHHyio BnSpaAHio rHApo- 
arperaxa. 

TTttst yCTpaHeHHH BbI 3 bIBaeML>IX 3XHMH npHHHHaMH 
BHSpaAHH HeoSxOAKMO npHBeCTH COOTBeTCTByiOIAHe 
y3Abi b HaAAOKanjee cocxomme. 

HenpaBHABHO y c t a h o b Jie h h a h 

KOMSHHaTOpHaH 3 &BHCHMOCX.B IipH- 
boaht k xoMy, uxo rHApoarperaT HMeex noBbimeHHyio 
BHSpaAHK) H nOHH>KeHHbIH K.n.A. npH OnXHMaABHOH 
KOMSHHaTopHOH 3aBHCHMOCTH oSecneuHBaexcH 6e3y- 
AapHbiH bxoa noTOKa boabi Ha AonacTH paSouero Koneca, 
finaroAapn ueMy nonyuaiOTCH noHH>KeHHbie BnSpaAHH 
h noBBiuieHHbiH K.n.A- rnApoarperaxa. IIosxoMy, Ha- 
CTpaHBaH KOMGHHaTOpHyiO 3aBHCHMOCTB no HaHMeHBUIHM 
BnSpaijHHM, AOCTHraioT othochtcabho cnoKOHHoii pa- 
6 otbi rnApoarperaxa npn HaHSoABHiHX hah oueiib 6ah3- 
KHX K HHM 3HaneHHHX K.n.A* 

KaBHTamHOHHbie hbachhh b xypSnHax HapHAy c 
pa3pymeHHeM MexaAAa Bbi3biBaiox BecBMa onxyTHMyio 
BHSpaAHio rnApoarperaxa c HaH6oAbniHM 3HauenHeM b 
b epxHKa abhom HanpaBACHHH. 

CymHocxB KaBHxaAHOHHOH 3p03HH h cnocoSbi BOC- 
cxaHOBAeHHH pa 3 pymeHHbix 3p03Heif ysnos npoxouHoii 
qacxH rHApoxyp6niibi paccMaxpHBaiox b § 9-4. 3accb 
>K e CKancem xoabko o MeponpHHXHHX no yMeHBineHHio 
BnSpaAHH arperaxa, Bbi3biBaeMbix hbachhamh KaBH- 
xaAHH. 3xH MepOnpHHXHH B OCHOBHOM CBOAHTCH K CAe- 
AyiomeMy. Bo-nepBbix, no bosmo>khocxh hcoSxoahmo 
H 36eraxB paSoxbi rnApoarperaxa b A Hana30He HarpysoK, 
B KOXOpOM npOHBAHIOXCH IIOBbimeHHbie HBAeiiHH Ka~ 
BHxaAHH. Bo-Bxopbix, npH 3KcnAyaxaijHH rHApoarpera- 
xob THApocxaHAHH HeoSxoAHMO Beef A a co6nK)AaxB xanoe 
no AOAceHHe , npH KoxopOM Bbicoxa oxcacbiBaHHH 6biAa 6bi 
He SoAbine npeAycMOxpeHHBix paSoUHMH xapanxe- 
pHCXHKaMH THApOXypSHHbl AHA COOXBCTCXByiOUXHX 
MomHoexen h HanopOB. OneHB nacxo yAaexca yMeHBmnxB 
BnSpaAHK) rnApoarperaxa, Bbi3biBaeMyio abachhhmh 
K aBHxaAHH^ nyxeM noABOAa axMoetjpepHoro BOSAyxa 
noA paSonee KOAeco hah b ero 30He no nepHcjxepHH. 

^BAeHHH pe30HaHca cboSoahbix KOAeSamm kOBinen 
pafiouero KOAeca c nacxoTOH B 03 MymeHHH, nonyuaeMbix 
pa6onHM KOAecoM ox conen h saAHHH F3C, xan>Ke 
npHBOAHX k BecBMa oiqyxHMbiM BnSpaAHHM kobihobbix 
THA pOXypSHH H o6pa30BaHHK) Ha HHX XpenjHH. Xt-HA 
ycxpaHeHHH pe30HaHCHbix hbachhh, a cAeAOBaxeABHO , 
H BliSpaHHH, BbI3bIBaeMbIX 3XHMH ABACHHAMH, HeoSxO- 
Ahmo H3MeHHXB HcecxKOcxB KOBHieH nyxeM H3rOXOBAe- 
HHH HOBbIX KOAeC C APY r HMH UaCXOXaMH KOAeSaHHH 
KOBnieH hah nyxeM npHBapKH k KOBinaM 6aHAan<Horo 
KOABAa, cBH3biBaioiAero Bee kobuih. 

rHApaBAHnecKHH HeSanaHc paSonnx KOAec rnApo- 
Xyp6HH XaK>Ke ABAAeXCA OAHOH H3 npHAHH, BbI3bIBaiO- 
iahx noBbimeHHyio BH6paijmo rnApoarperaxa. 


the scroll case, clogging of its part with foreign objects, 
obstruction of passages between two adjacent runner 
blades or non-uniform opening of the wicket gates 
may also cause excessive vibration of the hydro^ 
power unit. 

These causes of vibration are eliminated by re¬ 
storing the respective parts to a proper state. 

A wrong cam relationship results in 
excessive vibration and reduced efficiency. The opti¬ 
mum cam relationship ensures smooth entrance of the 
water flow to the runner blades thus reducing vibra¬ 
tions and increasing efficiency of the hydropower 
unit. Therefore, by setting the cam relationship 
to the minimum level of vibrations, relatively 
smooth operation of the hydropower unit is obtained 
at the maximum or close-to-maximum values of 
efficiency. 

Alongside with metal pitting, cavitation in the 
turbine causes rather tangible vibration of the hydro- 
power unit, its maximum being in the vertical 
direction. 

The cavitation erosion and methods of re-condi¬ 
tioning the water passage elements damaged by this 
erosion are discussed in Section 9-4. Here we are 
going to touch on the actions to reduce vibration of 
the unit caused by cavitation. These actions primarily 
boil down to the following. First, wherever possible, 
the unit must not be allowed to run under loads at 
which excessive vibrations occur. Second, in running 
the hydropower unit, the suction lift does not exceed 
the values specified by the performance curves of 
hydraulic turbines for respective outputs and heads. 
Vibration of the hydropower unit caused by cavitation 
very often can be reduced by atmospheric air admis¬ 
sion under the runner or to its zone on the 
periphery. 

Resonance of natural runner bucket oscillations at 
a disturbing frequency induced by the nozzles and 
powerhouse building also lead to rather tangible 
vibrations of the bucket turbines and their cracking. 
The resonance phenomena and, hence, vibrations 
caused by these phenomena can be eliminated by chang¬ 
ing rigidity of the buckets. To achieve this, either 
new wheels with other bucket oscillation frequencies 
must be manufactured or a shroud must be welded to 
the buckets to bind them together. 

Hydraulic unbalance of the runner is one of the 
causes of excessive vibration. 
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Ebrnaex HHorAa h xaK, uxo xoporno cxaxHuecKH 
oxSaAaHCHpOBaHHoe b B03Ayxe pafiouee KOAeco npn 
BpaujeHHH b BOAe Aaex omyxHMbifi HefianaHc. 3xo npo- 
hcxoahx noxoMy, nxo KOAeca HMeiox 3HanHxeABHyio 
06 neMHyio iiecuMMexpHio, Koxopan b noA&BAAiomeM 
6oABuiHHcxBe CAyuaeB oSpasyexcn ycxaHaBAHBaeMbiMH 
Ha pafioueM Konece bo BpeMA SanaHcnpoBaHHA 6aAan- 
CHpOBOUHbIMH Tpy3aMH. YcXpaHHeXCH 3X0 ycxpoHcxBOM 
C npOXHBOnOAO>KHOH CXOpOHbl OX SaAaHCHpOBOHHOrO 
rpy3a ofibeMHoro 3anoAHHxeAH b bhac 3aMKHyxoro co- 
cyAa hah rpyga H3 donee Aernoro MexaAAa. OdneM 
axoro 3aMKHyxoro cocyAa hah rpy3a H3 Aernoro MexaAAa 
AOA>KeH dbixB paBeH cyMMe odneMOB, Koxopbie 3aHHMaiox 
daAaHCHpoBOHHbiH rpys, ycxaHO bA eHHbiH npn exaxn- 
necKOH GanaHCHpoBKe Koneca b B03Ayxe, h AonoAHH- 
xeABHbiH rpy3 aha BecoBoro ypaBHOBeniHBaHHH KOAeca. 

3. BHEPAI|HH, BBI3LIBAEME1B 
3JIEKTPOMArHPITHEIM HEBAJ1AHCOM 

HepaBHOMepHbiii 3a3op Me>KAy pacTOUKoii exaxopa 
h noAiocaMH poxopa ca> t >khx aoboabho nacxoH npHHH- 
hoh noBbimeHHbix BndpaitHH rnApoarperaxa, Hecy- 
ntero Harpy3Ky. BndpaitHH ocodeHHO B03pacxaiox, 
KorAa poxop rHAporeHepaxopa HMeex AHu;eBHAHyio 
cJiopMy, BcneACXBHe nero npn BpameHHH npoHCXOAHx 
nyABcaitHH 3AeKxpoMarHHXHoro B3aHM0ACHcxBHH. CpaB- 
HHxeABHo doABUiHe 3HaueHHH BHdpau,HH rnApoarperaxa 
nonynaioxcH npn HeAoexaxouHOH >Kecxi<ocxH Kopnyca 
exaxopa. HepaBHOMepHbie 3aaopbi MenoKeAe3Horo npo- 
cxpaHcxBa b B03dyAHxeAe h noAB03dyAHxene xaK>i<e 
BecBMa cepBe3H0 bahhiox Ha ycHAeHHe BHdpaitHH rnApo- 
arperaxa. Hacxofi npHHHHOH noBbimeHHbix BHdpaitHH 

HBAHIOXCH 3aMbIKaHHH COCeAHHX BHXKOB OdMOXKH nOAIO- 

cob poxopa. 

HepaBHOMepHocxB 3a3opa Me>KAy pacxouKon exa¬ 
xopa h poxopoM ycxpaHHiox xmaxeABHbiM nepenenxpH- 
poBaHHeM exaxopa oxHocnxeABHo och BpameHHH poxopa 
h HcnpaBAeHneM (JjopMbi poxopa. HHneBHAHyio <J>opMy 
hah 3aA nncHO cxb poxopa AHKBHAHpyiox ropHuen pac- 
kahhobkoh ero odoAa, a b Henoxopbix CAynanx oxacab- 
Hbie noAiocbi BbiHHMaiox h noABepraiox Mexai-muecKOH 
odpadoxKe. 

3a3opbi no B03dyAnxeAio h noAB03dyAHxeAio npn- 
boahx b cooxBexcxBHe c AonycnaMH nocpeACXBOM 
npoKAaAOK, ycxanaBAHBaeMbix noA noAiocaMH MarHHx- 
HOH CHCXeMbl. 

EcAH npHHHHOH nOBbimeHHOH BHdpaAHH 0Ka3aA0CB 
Me>KBHXKOBoe 3aMbiKaHHe odMoxKH noAioca poxopa, 
noAioc HeodxoAHMo chhxb c poxopa h oxpeMOHxnpoBaxB. 

3aMi<Hyxbie bhxkh oxbiCKHBaiox cnocodoM, onn- 
caHHbiM b noApa3AeAe B § 9-6. 

B 3aKAKmeHHe oxmcxhm, uxo Aiodbie BHdpaAHH 
HeodxoAHMo ycxpaHHXB, xaK KaK ohh Moryx npHBecxn 
k aBapHH, Aa>Ke npn caMOM bbicokom KanecxBe MOHxanca 
arperaxa. 


Sometimes it happens that the runner well balanced 
in the air, gives a tangible unbalance when rotating 
in the water flow. It occurs because of three-dimen¬ 
sional asymmetry which in most cases results from 
the balance weights fixed on the runner during balancing. 
This is eliminated by securing a closed vessel or a weight 
fabricated from a lighter metal on the opposite side 
of the balance weight. The volume of this closed vessel 
or light-metal weight must be equal to the sum of 
volumes taken up by the balance weight which was 
fixed during static balancing of the runner in the 
air and an additional weight to equalize the runner 
mass. 

1L VIBRATIONS CAUSED 
BY ELECTROMAGNETIC UNBALANCE 

The non-uniform air gap between the stator bore 
and the rotor poles is very often a cause of excessive 
vibrations of the hydropower unit on load. Vibrations 
tend to increase, especially if the rotor has an elliptical 
shape which causes electromagnetic interaction ripples 
in rotation. Fairly heavy vibrations of the hydro- 
power unit stem from an inadequate rigidity of the 
stator frame. Unequal clearances in the air gap of the 
exciter and pilot exciter also contribute significantly 
to vibrations of the hydropower unit. Turn-to-turn 
faults in the rotor field coils frequently cause excessive 
vibration. 

A non-uniform air gap is adjusted by accurate 
re-alignment of the stator with respect to the rotor 
axis of rotation and by correction of the rotor shape. 
The elliptical configuration of the rotor is rectified 
by hot wedging of its rim; in some cases, separate 
poles are removed and machined. 

Air gaps in the exciter and pilot exciter are adjusted 
to the tolerances by shimming under the poles. 

If excessive vibration is caused by turn-to-turn 
fault in the field coils, the pole must be removed from 
the rotor and repaired. 

Faulty turns are detected by the method described 
in Subsection C of Section 9-6. 

In conclusion we should like to note that any vibra¬ 
tions must be eliminated because they may lead to 
failure even if highest standards were met in the instal¬ 
lation of the hydropower unit. 
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9-3. BPKPCHME AEBCTBHJI 
I'HIIPABJIHHECKOrO y^APA HA 
PAKOTY OmPOArPETATA 


He pacaviaTpHBaH nonpoSHO 4>H3iraecKHX HBJieHHH 
raflpaBUHBecKoro y^apa, kochcmch hhiiii> Toro, ^to 
H eo6xoflHMO 3HaTB npn HajiaflKe h nycnoBbix Hcnbrra- 
HHHX rnopoarperaTOB, b nepByio onepeAb XHApoaxpe- 
raTOB c BbicoKHMH HanopaMH H AHHHHBIMH HanopHWMH 

TPy npH?6pocTBceH hjih K3K0H-T0 nacra HaxpysKH c 
ranpoarperaTa nponcxoAHT cpaBHHTeJibHO Swcrpoe 3a- 
KPbiTHe HanpaBJiHiomero annapaTa hjih coraia. 3 to 
hohboaht K GbicrpoMy yMeHbuieHHio pacxoaa boabi 
tiepes rHAPOTypSHHy, a cjieAOBaTeJibHO, h k peaicoiwy 
yMeHBUieHHK) cnopocTH ABHJKeHHH boabi b Tpyflonpo- 
Bone. TaKoe pe3Koe TopMO>KeHne conpoBOJKAaeTCH pe3- 
KHM >Ke yBejiHBeroieM AaBJieHHH b TpyflonpoBOAe H3-3a 
HHepAHH AOBOJIbHO floJIbUIOH MaCCBI BOABI, — npoHC- 
xoitht TaK Ha3biBaeMBiH XHApaBJiHHecKHH yAap. 

Bojihv, HAymy 10 OT HanpaBJiHiomero annapaTa k 
nanajiy xpySonpoBOAa, h P hhhto naaBinaTB npimon 
bojihoh, a Bonny ox nanajia T py6onpoBOAa - o6paxHon 
bojihoh. OSpaTHan BOiraa B03HHKaeT b xpySonpoBOAe 
nepe3 BpeMH (curran ot Hanana npopecca peryjrapo- 
Banna), paBHoe Lja, r fl e L - A^na xpyflonpoBOAa, 
a — CKopocxB pacnpocxpanenna yAapnon bojihbi. IIpo- 
6er oSpaxHoft bojihbi xaione xpe6yex BpeMeHH L\a. 
Bpemn npnxoAa o6paxHon bojihbi k nanpaBJiniomeMy 
annapaxy (xaK>Ke ot Hanana npoAecca pexyjrapoBaHHH) 
T-2 Lla. TaKHM o6pa30M, BpeMH npoSera yAapHOH 
o6paTHOH BOJIHBI, HJIH, K3K npHHHTO eXO Ha3BIBaTB, 
(basa yAapa, npHMo nponoppHOHajibHO abohhoh AJnnre 
xpy6onpoBOAa h oSparao nponopnnoHajibHO cnopocTH 
pacnpocTpaHeHHH yAapHOH bojihbi. 

PacnpocTpaHHeTCH oflpaTHan BOJiHa ox Hanajia Tpy- 
SonpoBOAa cjieAyiomHM o6pa30M. Bo BpeMH 3aKpBiTHH 
HanpaBJiHiomero annapaTa hjih hxjibi coiuia xHApoTyp- 
6 hhbi noBBiineHHe AaBJieHHH ot HHJKiiero ynacTKa 
pacnpocxpaHHTCH bojihoh baojib xpyflonpoBOAa k ero 
Hanajiy. Ilona 3Ta BOJiHa ycneeT aohth ao Hanajia 
T py6onpoBOAa, Becb xpyflonpoBOA SyAer aanojinen c>Ka- 

TOft BOAOH H CTeHKH eXO flecbopMHpyiOTCH H36BITOHHBIM 
naBJieHHeM. 

Ho T aK KaK B Hanajie xpyflonpoBOAa, HMeiomexo 
cbo6oahbih BBIXOA, AaBJieHHe ocxaHexcH H eH3MeHHBiM, 
TO HOJiyHHTCH HeSanaHC AaBJieHHH. 3a cnex hsSbitoh- 
Horo AaBJieHHH np0H30HA e T oflpaTHBIH TOK boabi K 
nanaiiy T py6onpoBOAa. B pesyjibTaTe noHHHceHHe AaBJie¬ 
HHH SyAer nepememaxbCH k nanpaBJiniomeMy annapaxy 
CO CKOpocxbK), paBHoii pacnpocrpaHeHHio yAapHOH 

BOJI Ckopoctb pacnpocTpaHeHHH yAapnoii bojibi, hjih 
rnApaBJinnecKoro yAapa, a b aScoJiiOTHO jkcctkom 
xpyGonpoBOAe paBHa cnopocTH pacnpocTpaHeHHH asyna 
b jkhakocth, T.e. AJIH BOABI a =1435 m/c, a AJin MeTan- 
jinnecKoro Kpyrnoro Tpy6onpoBOAa ee hchhcjihiot no 
(bopMyjie H. E. ^(yKOBCKoro. 

1435 
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9-3. adverse effects 

OF HYDRA LI.1C HAMMER 

ON OPERATION OF HYDROPOWER 

UNIT 

Without elaboration on the physical phenomena of 
the hydraulic hammer we are going to touch only 
on the things which one should know during adjust¬ 
ment and commissioning tests of the hydropower 
units and primarily high head and long-penstock 

units. . , 

On shedding a full or partial load relatively rapid 

closure of the wicket gates or nozzle takes place. 
This results in rapid reduction of water discharge 
through the turbine and, hence, abrupt deceleration 
of the water flow in the penstock. Such an abrupt 
deceleration is accompanied by a corresponding abrupt 
pressure rise in the penstock due to the inertia of fairly 
large water mass, i.e. so-called water hammer occurs. 

The wave proceeding from the wicket gates toward 
the end of the penstock is termed a wave of expansion, 
while the wave returning from the end of the penstock 
is termed a compression wave. The compression wave 
originates in the penstock in the time (counting from 
the moment of flow regulation) equal to Lja where 

L is length of the penstock, 

a is velocity of the water hammer wave propagation. 
The travel of compression wave takes also L/a. Time 
of the compression wave travel to the wicket gates 
(also from the beginning of flow regulation) T = 2 Lja. 
Thus, the travel time of the compression wave or, as 
termed, the surge phase is directly proportional to the 
double length of the penstock and inversely propor¬ 
tional to the velocity — the water hammer wave pro¬ 
pagations. 

The compression wave travels from the penstocK 
end in the following way. On closure of the wicket 
gates or the nozzle needle the pressure rise is pro¬ 
pagated by the wave along the penstock from its 
downstream portion to its up-stream end. Until the 
wave manages to reach the end of the penstock, the 
entire conduit will be filled with compressed water 
and its wall will be strained by the overpressure. 

But since the pressure at the beginning of the 
penstock having a free outlet remains constant, the 
pressure unbalance will occur. Due to an excessive 
pressure a reverse flow to the up-stream end begins. 
As a result, the pressure dropping will propagate 
towards the wicket gates with a velocity equal to the 
velocity of the water hammer wave propagation. 

The velocity of the water hammer wave propagation 
or hydraulic hammer (a) in an absolutely rigid conduit 
equals the transmission of sound through fluid media, 
i.e. for water a = 1435 m/s, for the metal conduit 
it is determined from the Zhoukowsky formula 
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r^e e — Moayjib o6lcmhoh ynpyrocTH jkh^kocth (^jih bo^bi 
e = 2,1 x 10 4 Krc/cM 2 ); D — ^HaMeTp TpySonpoBo^ mm; 
E — Mo^yjiK ynpyrocTH MaTepnajia Tpy6onpoBOfla; S — Tojiunma 
CTeHKH TpySonpOBOfla, mm. 

B cpeAHeM ajih CTajibHBix TpyflonpoBOAOB xhapo- 
CTaHAHH CKOpOCTb pacnpocTpaHeHHH yAapHOH bojihbi 
oGbihho HaxoAHTCH b npeAejiax 700—1200 m/c. Tanan 
cpaBHHTeJibHO SojibiuaH CKOpOCTb pacnpocTpaHeHHH 
XHApaBjiHuecKoro yAapa, hjih, to >Ke caMoe, npoqecca 
TOpMOJKeHHH HJIH yCKOpeHHH JKHAKOCTH, 00 BHCHHeTCH 
TeM, UTO CJKHMaeMOCTb JKHAKOCTH H AC(l)Op.\UUU«[ Tpy- 
oonpoBOAa 0'ieiib Majibi. 

PasjmuaiOT Aea BHAa XHApaBjiHuecKoro yAapa: 
npHMOH rHApaBjiHuecKHH yAap, npoHcxoAHiqHH b Tex 
cjiyuanx, KorAa BpeMH T s 33kpbithh HanpaBJiHiomero 
annapaTa hjih conna SyAeT paBHo BpeMeHH t npoflera 
yAapHOH bojihbi ot HanpaBJiHiomero annapaTa ao cbo- 
6oahoh noBepxHOCTH boabi b HanopHOM SacceHHe hjih 
ypaBHHTejibHoii KaMepe h oOpaTHO hjih MeHbine BpeMeHH 
t, T.e. KOXAa r s <[t. HenpnMOH I'HApaBjiH'iecKHii yAap 
nponcxoAHT b tom cjiyuae, KorAa cymecTByer Hepa- 
BeHCTBO T s > t. 

B cjiyuae npHMoro rHApaBjinnecKoro yAapa noBBi- 
meHHe AaBJieHHH b KOHije TpyGonpoBOAa bbihhchhiot 
no (JiopMyjie 

Ah = - ( aVl ~ v ^> 

Q 

rfle Ah — noBbiuieime AaBJieHHH; a — CKOpoert pacnpocTpaHe¬ 
HHH yAapHOH BOJiHbi; — CKOpOCTb fl;o Hanajia npoqecca pery- 
jiHpoBaHHH; v 2 — CKOpOCTb b KOHije peryjrapoBaHHH; (v x — v 2 ) — 
noTepHHHan CKOpOCTb; q — ycKopemie chjibi th>kccth. 

BejiHtiHHa rnApaBjiH^ecKoro y^apa b cpaBHH- 
TejiLHO Rjm hhbix HanopHtix TpySonpoBOflax npn c6po- 
cax ^acTOTHbix Harpy 30 K Mo>KeT HHor^a umqtl 6ojibinee 
3 Ha^eHHe, ^eM npn c6pocax noJiHOH Harpy3KH. 3to 
06 -BHCHHeTCH TeM, ^to npH c6pocax tiacra^Hbix Harpy- 
30 K BpeMH npHKpBiTHH HanpaBJiHiomero annapaTa hjih 
nrjibi conjia MO>KeT 6bitb MeHbine BpeMeHH npoSera 
yAapHOH bojihbi ot peryjmpyiomero opraHa ao cbo- 
6oahoh noBepxHOCTH boabi b HanopHOM SacceHHe hjih 
ypaBHHTejibHOH KaMepe h odparao. IIoaroMy h bo3- 
MO>KHbi HBJieHHH npHMoro ph ApaBjiHnecKoro yAapa; 
HanporaB, npn c6poce nojiHOH Harpy3KH, T.e. npn 
HanSojibineM BpeMeHH 3 aKpbiTHH peryjinpyioiAero op¬ 
raHa, TaKHX HBJieHHH MOHCeT H He 6bITb. 

ripn paSoTe HecKOJibKHX rHApoarperaTOB ot oAHoro 
TpySonpoBOAa HaAO npoBOAHTb HcnbiTaHHH c pa3Jinn- 
hmmh coneTaHHHMH BejiHHHH Harpy30K Ha arperaTax 
h HaxoAHTb caMbie HeBbiroAHbie ycjioBHH cSpocos, 
KOTopbie b bi3biB aioT HanSojibiuee noBbiineHHe AaBJie¬ 
HHH b TpyGonpoBOAe. 

3th ycjioBHH h AOJiHCHbi CTaTb ochoboh ahh onpe- 
AejieHHH MaKCHMajibHbix noBbiineHHH AaBJieHHH b Ha¬ 
nopHOM TpySonpoBOAe; hx cjieAyeT BcerAa 3HaTb, 
hto6bi H 36 e>KaTb onacHbix hbjichhh npn cSpocax 
Harpy 30 K b pa 3 JiHHHbix coneraHHHx. 


where is elastic modules of fluid (for water = 2.1 x 10 4 kgf/cm?) ; 
D is diameter of the conduit, mm; E is elastic modules of the 
material of the pipe shell; $ is thickness of the pipe wall, mm. 

On the average, the velocity of the hydraulic ham¬ 
mer wave propagation for the steel conduits of the 
hydropower plants ranges within 700—1200 m/s. Such 
a relatively high velocity of the hydraulic hammer 
propagation or that of fluid deceleration is explained 
by the fact that the compressibility of the fluid and 
deformation of the pipe are very small. 

Two types of hydraulic hammer are differentiated, 
viz., direct hydraulic hammer occurring when the clo¬ 
sure time of the wicket gates or nozzle T s is equal 
to the travel time of the wave from wicket gates to 
free surface in the forebay or in the surge tank and back 
or less than time t, i.e., when T s < f. The indirect 
hydraulic hammer occurs when T a > t . 

In case of a direct hydraulic hammer, the pressure 
rise in the end of the conduit is determined from the 
formula 

Ah= g(Vl - v » ) . 

<1 

where Ah is pressure rise; a is velocity of wave propagation; 
v x is velocity prior to the regulation process; v 2 is velocity by 
the end of regulation process; (vj—v 2 ) is lossed velocity; q is 
acceleration of gravity. 

The magnitude of hydraulic hammer in compara¬ 
tively long penstocks on a partial load shedding may 
be higher than that at full load drop. It is explained 
by the fact that on partial load shedding, the closure 
time of the wicket gates or nozzle needle may be shor¬ 
ter than the travel time of the wave from the flow 
regulating device to the free water surface in the fore¬ 
bay or surge tank, and back. Therefore, the direct 
hydraulic hammer may occur and, vice versa, at a 
full load drop, i.e., at the maximum closure time of 
the flow regulation device such phenomena cannot 
occur. 

When several hydropower units are connected to 
one penstock, tests must be conducted at various 
combinations of loads and must disclose the most 
unfavourable conditions of load shedding which cause 
the highest pressure rise in the penstock. 

These conditions must serve as a basis for deter¬ 
mination of the maximum pressure rises in the penstock. 
They must be always known to avoid dangerous condi¬ 
tions at load shedding in various combinations. 
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MnpoBan npaKTHKa 3 KCiuiyaTaitHH rHApOTypfiHH 
BbICOKHX, epeflHHX H J&>KC HH 3 KOHaiIOpHbIX T3C 
HMeer AOCTaTO^mo npHMepoB, noATBep>KAaiomHx fiojib- 
niyK) BpeAHOCTb, KOTOpyiO XIpHHOCHT HBJieHHH THApaB- 
jiH^ecKoro yAapa. Tan, HanpHMep, Ha oahoh H3 T3C 
Jlnomm, nocrpoeHHOii Ha pene Oh b 160 km ot Tokho, 

TAG OblJIH ycraHOBJieHbl TpH THApOTypSHHbl MOIAHOCTblO 

no 24 Tbic. kBt i<a>KAan npn Hanope, paBHOM 123 m, 
b 1950 r BCJieACTBHe rHApaBJinnecKoro yAapa, nponc- 
meAHiero ot Sbicrporo 3 axjionbiBaHHH ahckoboto 3aT- 
Bopa, npoH3onuia BectMa cepte3Han aBapHH. B pe3yjn>- 
TaTe rnApaBjinnecKoro yAapa Ha HH>KiieM ynacTKe 
TpySonpoBOAa 6buia pa30pBaHa baojib och OAHa H3 
ceKAHH, a Ha BepxHeM — OojiLman nacrb Tpy6onpOBOAa 
6buia CMHxa aTMoctfiepHbiM AaBJieHHeM BBHAy o6pa- 
30BaBinerocH Ha stom yuacrKe 6ojibinoro BanyyMa 3a 
cneT ObiCTporo abhhcchhh boabi, xnbrnyBinen uepe3 
pa 30 pBaHHbiii ynacTOK. B pe3yjn»TaTe stoh aBapnn 
3AaHne r3C BMecTe c nyjiLTOM ynpaBJieHHH Sbijih 
3aTonjieHbi, bbimbito okojio 500 m 3 rpyrna h co>K>KeH 
rjiaBHbiii TpaHC(J)opMaTOp. 

B BbicoKOHanopHbix rHApoTypfimiax, HMeiotqnx pe- 
ryjiHTopbi AaBJieHHH, hjth, nan hx npHHHTO Ha3biBaTb, 
xoJiocTbie BbinycKH, npn HenpaBHJiBHon peryjmpOBKe 
MoryT TO>Ke hohbhtbch otqyTHMbie hjih onacHbie HBJie¬ 
HHH rnApaBjinnecKoro yAapa. Xojioctoh BbinycK Bbico- 
KOHanopHOH THApoTypOHHbi npn3BaH npeAOTBpamaTb 
noBbimeHHe AaBJieHHH b cnnpaJibHon KaMepe h Tpy6o- 
npoBOAe Bbirne A^nycTHMoro npH cOpocax Harpy3KH. 
3 to oSecnenHBaeTCH TeM, hto npH SbicrpoM 3aKpbiTnn 
HanpaBJiHiomero annapaTa rHApoTypSHHbi, KorAa Han- 
Her pe3KO noAHHMaTbcn AaBjieHHe b cnnpajiBHOH KaMepe, 
nacTB boabi uepe3 oTKpbiBaeMbiH b sto BpeMH xojioctoh 
B binycK otboahtch, MHHyn paOonee KOJieco. 

B nejiHx npeAOTBpameHHH BpeAHbix achctbhh 
rnApaBJinnecKoro yAapa, KOTOpbin mohcct 6bitb b 
pe3yjiBTaTe HenpaBHJiBHoro B 3 aHMOACHCTBnn paOoTbi 
HanpaBJiniomero annapaTa c xojioctbim BbmycKOM, 
HeoOxoAHMO npoH3BecTH TLqaxejiBHyio HanaAKy stoh 
cxeMbi. IlpH HajiaAKe HaAO aoGhtbch Tanoro nojionce- 
HHH, HTOfibl BO BpeMH c6pOCa Harpy3KH, B HanaJIBHblH 
nepnoA Asn>KeHHH HanpaBJiniomero annapaTa Ha 3a- 
KpbiTHe, He nojiynnjiocB upe3MepHO OoJiBinoro ompbi- 
thh xonocToro BBiiiycKa. B npoTHBHOM cjiynae b stom 
nepnoAe MO>Ker 6bitb pe3Koe yBejinneHne pacxoAa h 
ckopocth ABHHceHHH boabi uepe3 criHpajiBHyK) KaMepy. 
IlpH AaJiBHenineM 3aKpbiTHH HanpaBJimomero annapaTa 
CKopocTB ABH>KeHHH MOH<eT chjibho naAaTB, hto HHorAa 
BBi3BiBaeT pe3Koe noBbimeHHe a aBJieHHH b cnnpajiBHon 
KaMepe h TpyfionpoBOAe A° 3 HaueHHH Bbirne %ony- 
CTHMBIX. 

9-4. KABHTAAMOKHAH 31*0311*1 

A. CymilOCTI. KAIiHi AHMOHUOH 3PG3HII 

KaBHTaAHOHHbie paapymeHHH (spo3HH) npoTOUHOH 
nacTH rHApOTyp6 hhbi, conpoBOKAaioiAHecB HenpHHT- 


The world’s experience in operation of high-, 
medium- and even low-head installations Jias many 
examples which confirm harmful effect of hydraulic 
hammer. For example, at one of the hydropower 
plants built in Japan on the Oy river 160 km from 
Tokyo, which was equipped with 3x24 MW turbines 
operating under a head of 123 m a hydraulic hammer 
resulting from a rapid closure of the butterfly waive 
caused a very heavy accident in 1950. The hydraulic 
hammer caused one section at the downstream end 
of the penstock to rupture along its axes, while at 
the up-stream part, a long length of the penstock was 
crushed by the atmospheric pressure because of heavy 
vacuum developed here due to a rapid flow of water 
gushing through the ruptured section. As a result 
of this accident, the powerhouse and the control 
room were flooded, about 500 m 3 of soil washed away 
and the main power transformer was burnt out. 

In high-head installations equipped with waste 
pressure regulators or, as they are called, relief valves^ 
tangible or dangerous hydraulic hammer phenomena 
may also occur in the event of a wrong setting. The 
relief valve of a high-head installation is intended 
to preclude pressure rise in the scroll case and penstock 
above the magnitude permissible at load shedding, 
To achieve this, during quick closure of the wicket 
gates, when pressure begins to abruptly rise in the 
scroll case, a part of the flow is released through the 
relief valve by-passing the runner. 

The system must be thoroughly set up to preclude 
deleterious effects that may result from wrong inter¬ 
action of the wicket gates with the relief valve. Setting 
should be done so that at load shedding the relief 
valve does not open wide within the initial period of 
the wicket gate motion in the closing direction. Other¬ 
wise, abrupt increase in the discharge and velocity 
of water flow through the scroll case will result. On 
further closure of the wicket gates the flow may rapidly 
decelerate which sometimes causes abrupt rise in pres¬ 
sure within the scroll case and penstock above the 
permissible values. 

M* CAVITATION EROSION 

A. WHAT IS CAVITATION EROSION 

Cavitation damage (pitting) of the turbine water 
passage accompanied by obnoxious noise and vibra- 
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HbiM rnyMOM H BHfipaipieH, npeACTaBjiHiOT co6oh BecBMa 
cjio>khbih npoijecc, Mex3HH3M h npHpoAa KOTOpOrO 
ueTKO He onpeAejieHbi h ao Haeronmero BpeMeHH. 
HccjieAOBaHHHMH ycTaHOBJieHO, hto b stom cjio>khom 
npouecce KaBHTaipiOHHoe pa3pymeHHe MeTajuia npoHc- 
xoaht no a B03AeficTBHeM rjejioro KOMnjieKca <J>aKTOpoB, 
HMeioiAHX MexaHHnecKoe h aneKTpHuecKoe nponcxonc- 
ACHHe. 

B 3KcnJiyaTaijHOHHBix ycjiOBHnx paSoTbi rHApoTyp- 
6HHBI, B 33BHCHM0CTH OT pOKHMOB H IiapaMeTpOB, 
3TH 4>aKTOpbI npOHBJIHIOTCH B pa3JIHHHbIX COHeTaHHHX, 
ofiycjioBJiHBaeMbix pa3JiHHH0H nocjieAOBaTejiBHocTBio, 
npOAOJUKHTeJIBHOCTBK) H CHJIOH B03AeiiCTBHH. 

CymHOCTB 3THX HBJieHHH CBOAHTCH K CJICAyiOIAeMy. 
B noTOKe 6 bierpoABHH<ymeHCH >khakocth b pe 3 yjiB- 
TaTe MecTHbix noHHHceHHH cTaTHnecKoro asbjichhh 
o6pa3yiOTCH KaBHTaAHOHHbie ny3bipbKH, npnneM tojibko 
b Tex TOUKax noTOKa, rjj,e CTaranecKoe AaBjieHHe MeHBine 
AaBJieHHH HacbimeHHbix napoB hchakocth. TIo Mepe 
npoABHHceHHH noTOKa b ofijiacTL noBbimemioro Aas- 
JieHHH KaBHTaiJHOHHbie ny3BIpBKH MTHOBeHHO COKpaiAa- 
iotch b 06 beMe . B momcht pa3pymeHHH ny 3 BipBKa 
OKpy>KaioiAaH ero jkhakoctb pe3K0 ycTpeMJineTCH b 
o6pa30BaBHiyiocH nycTOTy, KaK 6 bi 6 oM 6 apAHpyn 3 Ty 
30Hy. IlpH pa3pymeHHH ny3bipBKa, HaxoAnmero ch b 
COnpHKOCHOBeHHH C KaKOH-JIHfio ACTajIK), npOHCXOAHT 
MecTHBiH rHApaBjinuecKHH yAap, noA a^hctbhcm koto- 
poro noBepxHocTB AexajiH pa3pymaeTCH. IlpH o 6 pa 30 - 
BaHHH H CMbIKaHHH ny3bIpBK0B B03HHKai0T yjiBTpa 3 By- 
KOBbie KOJieSaHHH, a npH pa3pyineHHH ny 3 bipBK 0 B 
nOHBJIHIOTCH SJieKTpHHeCKHe pa3pHABI, KOTOpbie pa 3 - 
pyinaioiAe AcncTByiOT Ha noBepxHocTB MeTajuia. IlpH 
3TOM ra3 HOHH3HpyeTCH, HTO pa3BHBaeT TepMHnecKoe 
h 3JieKTpoxHMHnecKoe b 03AeiicTBHe Ha noBepxHocTB 
MeTajuia. KpoMe Toro, b SwcTpOABHHcynteMCH noTOKe 
boabi aKTHBH3HpyiOTCH arpeccHBHBie ero peareHTBi, 
hto TaKHce ycKopneT npoijecc xHMHnecKoro B 03 Aen- 
CTBHH Ha MeTajIJI. 

JlBJieHHe KaBHTaitHH B TypfiHHe OCofieHI-IO 3aMeTHO 
b Tex cjiynanx, KorAa OHa pafioTaeT Ha HepacneTHOM 
Hanope h npn paccoraacoBaHHOH KOMfinHaTopHOH 3aBH- 
CHMOCTH. KpOMe Toro, KajKAan cepHH rHApoTypfiHH 
ofijiaAaeT TaKHMH CBOHCTBaMH, HTO npH HeKOTOpOM AHa- 
na30He Harpy30K pafioTa hx conpoBOHCAaeTCH noBbi- 
meiiHOH KaBHTaitHen. 3 tot Anana30H peKOMeHAyeTCH 
npoxoAHTB cpaBHHTejiBHO fibicTpo h hh b KoeM cjiyuae 
He conycKaTB npH dtom a^htcjibhoh Harpy3KH. 

Pa3pymeHHaH KaBHTaitHeH noBepxHocTB MeTajuia 
HMeeT bha ryfiKH (pnc. 225), c rnyfimroH KaBepH 20— 
30 MM H OoJiee B 3aBHCHMOCTH OT BpeMeHH B03ACHCTBHH, 
peHCHMOB paSoTbi TypfiHHbi, MapKH npHMeHHeMoii 
CTajIH H AP* 


B, CnOCOBBl 3AIHHTBI 
OT KABHTAIIHOHIIOfl 3P03HK 

3aiqHTbi, HCKjnonaioiAeH coBceM KaBHTaijHOHHyK) 
3p03Hio b npoTOHHOH uacTH THApOTypfiHH, noKa eme 


tion is a fairly complex process whose mechanism 
and origin have not yet been defined clearly. It was 
found that pitting of the metal occurs under the action 
of a number of factors which are of mechanical or elect¬ 
romechanical nature. 

Under operating conditions of the hydraulic tur¬ 
bine, depending on the modes of operation and para¬ 
meters, these factors manifest themselves in various 
combinations determined by different sequence dura¬ 
tion and action forces. 

These phenomena consist in the following. Cavi¬ 
tation bubbles are formed in the quickly-flowing 
liquid as a result of local drops in the static pressure, 
but only at the points where the static pressure is lower 
than the pressure of the saturated liquid vapour. 
While moving into the excess pressure zone the bubbles 
abruptly reduce in the volume. At the moment of the 
bubble collapse, the surrounding liquid rushes into 
the void as if subjecting it to repeated shocks. On 
collapse of the bubble on the contact with any part, 
a local hydraulic hammer action takes place under 
which the surface of the part fails. On formation 
and merging of bubbles, ultrasonic oscillations occur, 
while at the collapse of bubbles, electric discharges 
develop which impair the metal surface. The gas beco¬ 
mes ionized resulting in thermal and electrochemical 
action on the metal surface. Besides, its aggressive 
agents activate in the quickly flowing water which also 
contributes to the chemical action on the metal. 

Cavitation in the turbine is especially sensed when 
the turbine operates at a head other than rated and 
under off-cam relationship. Besides, each series of 
hydraulic turbines has such properties, that their ope¬ 
ration is accompanied with excessive vibration within 
a certain range of loads. It is recommended that this 
range of loads should be passed relatively quickly 
and no sustained load should be allowed in any case. 

The metal surface damaged by cavitation (Fig. 225) 
has a spongy appearance with 20—30 mm and deeper 
caverns depending of the duration of the action, modes 
of the turbine operation, types of steels applied, etc. 

B. METHODS OF PROTECTION AGAINST 
CAVITATION EROSION 

Cavitation erosion in the turbine water passage 
cannot be fully eliminated. At present various methods 
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He cymecTByeT. B HacTomnee BpeMH npHMeHHiOTCH 
pa3JIHHHBie CnOCo6bI 3aiAHTBI, KOTOpBie TOJIBKO JIHUIB 
yMeHBHiaK)T 3 th pa3pymeHHH. HanSojiee pacnpocrpa- 
HeHHBIM, XOTH H He^OCTaTOHHO 3(J)(j)eKTHBHBIM OIOCO- 
6 om 3aiqHTBi npoTouHOH uacra rHApOTypfimiBi ot KaBH- 
Tai^HOHHOH 3p03HH HBJIHeTCH npHMeHCHHe HepHCaBeiO 1 
mnx CTajien, KaBHTaAHomiaH ctohkoctb kotopbix 3Ha- 
HHTeJIBHO BBIHie yraepO^HCTBIX H HH3KOJierHpOBaHHBIX. 
Y3 jibi npoTOHHOH nacTH, noABepraioiAHecH HanfiojiB- 
HieMy B03^eHCTBHIO KaBHXau;HHj ^enaiOTCH HeJIHKOM 
H3 HepHcaBeiomeH CTajm hjih b coneTaHHH c yraepo- 
AhctoS. B nocjie^HeM cjiynae KOHCTpyiojHH y3JioB 
THApOTypSHHBI MOryT 0BITB CBapHO-JIHTBIMH, H3 3Jie- 
MeHTOB Hep>KaBeK)iHeH h yrnepoAHCTOH CTajieii hjih 
jihtbimh, jih6o H3 npoRaia H3 yrjiepo#HCTOH crajiH c 
nOKpBITHeM OMBIBaeMOH BOflOH nOBepXHOCTH CJIOeM 
HepHcaBeioiHefi CTajiH. IIoKpBiTHe nOBepXHOCTH y3JioB 
THApoTypGHHBi (pafiouee KOJieco, KaMepa h ApO cjiocm 
H epjKaBeiomeH CTajiH npH H3roTOBJieHHH hjih peMOHTe 
npOH3BOAHTCH pa3JIHBHBIMH Cn0C06aMH, paCCMOTpeH- 
hbimh b n. B HacTOHmero naparpatjja. 

IIpHMeHHeMBie ajb* noBepxHOCTeH y3JioB thapo- 
Typ6nH aycTeHHTHBie CTajiH, xoth h oOjiaAaiOT bbicokoh 
K 0pp03HHH0fi CTOHKOCTBIO, HO nOABepraiOTCH KaBH- 
TaAHOHHBiM pa3pymei-iHHM. ITpoBeACHHBiMH 3a nocjieA- 
HHe roABi HccjieAOBaHHHMH npo6jieMHOH jiaSopaTopneH 
YpajiBCKoro nojiHTexHHnecKoro HHCTHTyTa h ohbitom 
3KcnjiyaTaAHH rHApoTyp6HH BpaTCKOH h KpacHonp- 
cKoft T3C AOKa3aHO, hto 6ojiee bbicokoh: conpoTHBJine- 
moctbk) KaBHTaAHOHHBiM pa3pyineHHHM ofijiaAaiOT xpo- 
MOMapraHAeBBie aycreHHTHBie CTajiH. IloKpBiTBie 3 toh 
crajiBio JionacTH paSoHHX KOJiec KpacHonpcnoH T3C 
BecLMa xoporno ctoht npOTHB KaBHTaAHOHHBix pa3py- 
HieHIIII npH BeCLMa XOpOIHeH K 0 pp 03 HHH 0 H CTOHKOCTH. 
CjieAyeT, OAHaKo, otmcthtb, hto b CBH3H c yxyAineH- 
HBIMH MexaHHHeCKHMH CBOHCTBaMH 3T0H CTaJIH OHa 
MOJKeT npHMeHHTBCH TOJIBKO A™ nOKpBITHH nOBepX¬ 
HOCTH AeTajieii h y3JioB. 

IIoKpBiTHe nOBepXHOCTH A^TajieH rHApoTypGnH no- 
jiHMepHBiMH MaTepnajiaMH hh b HaineH, hh b 3apy6enc- 
hoh npaKTHKe nona ein,e He Hamjio ce6e nmpoKoro 
npHMeHeHHH. 

Btopbim Han6ojiee pacnpocTpaHeHHBiM cnocofioM 
3aiAHTBI Typ6HH OT KaBHTaAHOHHOH 3p03HH HBJIHeTCH 
BnycK B03Ayxa noA h HaA pafionee KOJieco hjih no ero 
nepH(J)epHH. MHOrOHHCJieHHBIMH HCCJieAOBaHHHMH H 
onbiTaMH A0Ka3aH0, hto HacBiiAeirae B03AyxoM 30HBI 
ABHHCeHHH >KHAKOCTH, B KOTOpOH npOHCXOAHT pa3py- 
rneHHe KaBHTaAHOHHBix KasepH h 3aMBiKaHHe ny3Bips- 
KOB, 3HaHHTeJIBH0 CHHH<aeT KaBHTaAHOHHylO 3P03HK) 
h BHGpaipiK) rHApoarperaTa. BnycK B03Ayxa b 30Hy 
paSonero KOJieca oObiuho npOH3BOAHT npn Harpy3Kax 
35—60% ot HOMHHajiBHOH. IIpH 6ojibhihx Harpy3Kax 
B03Ayx BnycKaeTCH tojibko b KpaHHHX cjiyuanx, TaK 
KaK 3to HHorAa cmoKaeT k.ii.a* TypOnHBi. Amoccfcep- 
hbih B03Ayx BnycKaeTCH oGbihho nepe3 oTBepCTHe b 
Bajiy arperaTa b KOHyc pafiouero oSTeKaTejin pafiouero 
KOJieca h AaJiee noA paSonee KOJieco. B stom cjiynae 
Ha BepxyuiKe Bajia yCTaHaBjiHBaeTCH cnenHajiBHBiH hjih 
b HHHoieH nacTH Bajia — oSparaBiH mapoBoH KJianaH. 


of protection have found application which only lessen 
this damage. Application of stainless steels whose 
cavitation resistance is much higher than that of carbon 
or low alloy steels is the most widely spread method 
for protection of the turbine water passage though 
it is not adequately effective. The water passage ele¬ 
ments subjected to severest cavitation, are made com- 
pletely of stainless steel or in combination with carbon 
steel. 

In the latter case, the turbine parts can be of a 
welded-cast construction from stainless steel and car¬ 
bon steel elements or of a cast construction, or they 
can be manufactured from carbon steel with stainless 
steel overlay on the surfaces washed by water. 

The facing of turbine parts (runner, chamber, etc,) 
with stainless steel in fabrication or repairs is done 
by various methods discussed in Subsection C of this 
Section. 

Though austenitic steels used for overlaying the 
turbine parts are highly corrosion resistant, they are 
prone to cavitation damage. Studies which have been 
recently conducted by the laboratory of the Ural 
Polytechnical Institute and operational experience of 
the Bratsk and Krasnoyarsk turbines, have proved 
that austenitic chrome-manganese steels are more resis¬ 
tant to cavitation damage. Runner blades of the Kras¬ 
noyarsk turbines faced with an overlay of this steel 
stand well cavitation action with fairly well corrosion 
resistance. It should be noted that because of degraded 
mechanical properties of this steel, it can be used only 
for facing the parts and components. 

Polymeric overlay of turbine parts have not yet 
found wide application in this country and abroad. 

The second most widely used method for 
protecting the turbines against cavitation erosion is 
air admission under and above the runner or at 
its periphery. 

Numerous investigations and tests have proved 
that cavitation erosion and vibration of the hydro- 
power unit are reduced considerably if the fluid motion 
zone in which destruction of caverns and merging of 
cavitation bubbles take place is saturated with air. 
Air admission into the operating zone of the runner 
is done at 35—60% of the rated load. At higher loads, 
air is admitted only in exceptional cases because it 
reduces sometimes the turbine efficiency. The atmos¬ 
pheric air is usually admitted through the bore in the 
turbine shaft to the runner cone and farther under the 
runner. A special valve is mounted on the top of the 
shaft or a check globe valve is installed at the lower 
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HHorAa B03Ayx aTMoetjpepHoro AasjieHHH hjih ot cne- 
AHaJIBHOH KOMnpeCCOpHOH yCTaHOBKH OKaTBIH B03AyX 
noABOAHT b 30Hy pafionero KOJieca uepe3 cneiuiajiBHBiH 
KOJIBAeBOH TpySonpOBOA C OTBepCTHHMH, pacriOJIO>KeH- 
hbimh no nepH(})epHH KOHyca cTcacBiBaiomeH TpyfiBi noA 
pafioHHM KOJiecoM. OnBiT noATBep>KAaeT, uto noAaua 
onaToro B03Ayxa npHBOAHT k yMeHBineHHio BpeAHBix 
HBJieHHH KaBHTaiJHH. 

3a nocjieAHee BpeMH b bhac onBiTa b KanecTBe 
Mep no yMeiiLineHHio KaBHtauHOHHOH apo3HH CTajiH 
npHMCHHTB cnocofi 3JieKTp0XHMHUeCK0H SaiAHTBI. Oh 
BKjnouaeT b ce6n noKpuirae npeAOXpaHneMoii ct pa3- 
pymeHHH nOBepXHOCTH npOTeKTopHcii ahhkobch Kpac- 
koh h KaTOAHyio 3aiqHTy ot BneniHero HCToniiHKa 
nOCTOHHHOrO TOKa. 


n. pjeaioiit in'OTOHnoii macth 
rHAPorypEiui, noABEPrumxcH 
KABHTAI^HOHHOfl 3P03HH 

KaK y>Ke 6 bijio oTMeneHO paHee, A^TajiH npoTOHHoro 
TpaKTa, h b nepByio onepeAB JionacTH h KaMepBi pa6o- 
HHX KOJiec, H3rOTOBJieHHBie H3 yrJiepOAHCTOH H HH3KO- 
jiernpoBaHHBix h Aa>i<e H3 HepncaBeiomeH CTajieii, 
noABepnceHBi 3HauHTejii>H0H 3po3HH BcjieACTBHe HBJie- 
HHH KaBHTaAHH. 

BBHAy cpaBHHTejiBHO 6 ojibinoro 06 BeMa pa 6 oT no 
BoccTaHOBjieHHK) KaBHTaAHOHHBix pa3pymeHHH Ha a^- 
TaJIHX THApOTypfiHH Bonpoc O TCXHOJIOrHH npOH3BOA- 
CTBa 3 thx pafioT npHo 6 peTaeT BecBMa aKTyajiBHoe 3Ha- 
neiiHe. 3Tanbi stoh TexHOJiorHH cboahtch k yAajieHHio 
pa3pymeHHoro KaBHTaAneH MCTajuia, BoccTaHOBjieHHK) 
reoMeTpHuecKHx (J>opM A^TajiH c HaHeceHHeM Ha noBepx- 
hoctb MeTajuia KaBHTa ahohho CTOHKoro cjioh h o 6 pa- 
fiOTKH nOBepXHOCTH. HH>Ke paCCMOTpHM 3TH 3TanBI 
HecKOJiBKo noApoSHee. 


1. Yfla^eHiic AciJjeKTHOro cjiah Mexa^jia 
PaapymeHHBIH KaBHTaAHOHHBIMH AeHCTBHHMH CJIOH 

MeTajuia, hmcioiahh bha rySKH (puc. 225), yAajiniOT 
nyTeM BBipy 6 KH niieBM03y6njiaMH, 4)pe3epoBaimeM hjih 
B 03AyniHo-AyroBoii ctpo>kkoh. BBipy 6 i<a pa 3 pymeH- 
Horo KaBHTaAHefi MeTajuia nHeBM03yfiHJiaMH, xoth h 
o 6 ecnenHBaeT bbicokoc KanecTBo pafioT, oAHano BBHAy 
TJDKejibix ycjiOBHH TpyAa, conpoBoncAaeMoro oAHOBpe- 
MeHHO SoJIBUIHM myMOM, H BecBMa HH3KOH npOH3BOAH- 
TejiBHOCTH (He fiojiee 10 Kr MeTajuia b CMeHy) mojkct 
6bitb peKOMeHAOBaHa tojibko jihihb npn HefiojiBuinx 
06 ueMax pafioT. Cnoco 6 yAajieHHH MeTajuia mctoaom 
4>pe3epoBaHHH cneAnajiBHOH nepeABHHCHofi tojiobkoh, 
xoth h AaeT xopomee KanecTBo pa 6 oT, ho npH 6ojib- 
ihhx rjiyOnnax 3po3HH oh craHOBHTCH MajionpOH3Bo- 
AHTejiBHBiM, a noaTOMy h HenpnroAHBiM. Hanfiojiee 


portion of the shaft. Sometimes, air under the atmos¬ 
pheric pressure or compressed air from a special air 
compression plant is injected to the runner zone through 
a special pipe ring with holes spaced over the periphery 
of the draft tube cone under the runner. The experience 
confirms that air admission reduces adverse effects of 
cavitation. 

Recently, experiments have been conducted with 
electrochemical protection as a measure to reduce 
cavitation erosion. It includes a zink paint coat of 
the surface to be protected against damage and a 
cathode protection operating from an external d.c. 
source. 

c, REP.HR of turbine 

WATER PASSAGE 

DAMAGED BY CAVITATION EROSION 

As has been already noted, the water passage ele¬ 
ments and primarily the blades and runner chamber 
liners manufactured from carbon, low-alloy and even 
stainless steel, are prone to considerable erosion due 
to cavitation effect. 

As re-conditioning of the turbine parts damaged 
by cavitation is a relatively labour-consuming proce¬ 
dure, the problem of work execution acquires special 
significance. Phases of this procedure consist in 
removal of the metal damaged by cavitation, re¬ 
conditioning of the geometry with application of a 
cavitation-resistant overlay on the metal surface 
and its machining. These phases are discussed 
hereinbelow in more detail. 

1. Rertmrsil of Defective Metal Layer 

A sponge-like metal layer damaged by cavitation 
effect (Fig. 225) is removal by cutting with pneumatic 
chisels, by milling or air-electric arc planing. Chiseling 
of the damaged metal, though it ensures a higher 
quality of work, may be recommended only for small 
amount of work because of very hard conditions of 
work execution accompanied by high noise and low 
labour productivity (not more than 10 kg of metal 
removed per shift). The method of removing the metal 
by milling with the aid of a special portable cutting 
head, though it ensures an adequate quality of work, 
has low productivity at high depth of pitting and 
therefore is not good for use. The electric-arc air planing 
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Phc. 225. KaBHTannoHHbie pa3pymeHHH Ha 
BbixoflHOH KpoMKe JionacTH paSonero ko- 
jieca pa^ajibHO-ocesoH rHflpOTypGiiHbi 



Fig. 225. Cavitation damage on discharge 
edge of runner blade of radial-axial hydraulic 
turbine 


nporpeccHBHMM cnocoCoM y/jajieHHH pa3pymeHHoro 
KaBHTaitHeii MeTajuia hbjihctch cnoco6 B03£yiiiHCH 
3JieKTpo/tyroBoii ctpokkh MeTajuia, cyiqHOCTb KOToporo 
6bijia HaMH paccMOTpeHa b § 4-7. 3tot cnoco6 ripn 
npHMeHCHHH cneitHajiLHbix njiacTHiiuaTbix ajieKTpoAOB 
Kim noBepxHOCTen B03AyiuH0Ayr0B0H ctpokkh o6ec- 
neHHBaeT oTHocHTejibHO Bbiconoe KauecTBo pa6ox h 
BecbMa BbicoKyio np0H3B0,n;iiTejibH0CTb. 

rijiacTHHHaTbie ajieKTpOAti b subhchmo cth ot rjiy- 
6 hhbi cTporaHHH ACJiaiOT ceneHHeM 5x15; 5 X 20; 
6x25 h 6x30 mm h tfjiHHOH 250—300 mm. 

3jieKTponHTaHHe k pe3aKaM no ab o ahtch ot hctoh- 
HHKa nocTOHHHoro TOKa. CHJia TOKa peryjinpyeTCH b 
AH ana30Hax: npH 3JieKTpoAax 5X 15 mm — 300—350 A; 
5X20 mm — 400—450 A; 6x25 mm — 600—650 A 
h 6x30 mm — 700—750 A. 

npHMCHHH Tarae njiacraHuaTbie 3 JieKTpOAbi> npH 
coGjuo^chhh sa^aBaeMbix pokhmob no CHJie TOKa 
MOHCHO AOCTHHb np 0 H 3 B 0 flHTCJlbH 0 CTH CTpOKKH COOT- 

BeTCTBeHHo — 8,5; 11,5; 15 h 17 Kr CHHMaeMoro Me- 
Tajuia b nac. CHJia TOKa h CKopocTb npoflBHHceHHH 
pe3aKa npH CTpoKKe noAbnpaiOTCH TaK, hto6bi toji- 
mHHa CHHMaeMoro MeTajuia 3a oahh npoxoA 6buia He 
6ojiee 5—6 mm. IIpH chhthh cjioh 6ojibineH tojiiahhbi 
3TO A^JiaeTCH 3a hcckojibko npoxoAOB. 


is the most effective method of removing the metal 
damaged by cavitation. This method is discussed in 
detail in Section 4-7. With application of special plate 
electrodes for electric-arc planing, this method provides 
relatively high quality of work and fairly high produc¬ 
tivity. 

Depending on the depth of planing, the plate elec¬ 
trodes are fabricated of 5 X 15, 5 X 20, 6 X 25, 6 X 30 xnm 
in size and 250—300 mm long. 

The cutters operate on d.c. supply. The current is 
adjusted within the following range: with 5x15 mm 
electrodes, from 300 to 350 A, with 5x20 mm elec¬ 
trodes, from 400 to 450 A, with 6x25 mm electrodes, 
from 600 to 650 A, with 6x30 mm electrodes, from 
700 to 750 A. 

Employment of such plate electrodes, at specified 
current maintained, will ensure the following producti¬ 
vity of the planing process: 8.5, 11.5, 15 and J7 kg 
of metal removed per hour, respectively. The current 
and the cutter speed in planing should be so selected 
that the depth of metal removed within one pass was 
not more than 5 or 6 mm. If a thicker layer of metal 
is to be removed, it has to be done within several 
passes. 


2. BocGTaiioBft&Htie reoMCTpH'iecKKx <J>opM 
ftCTaJieff c iiaxrecciiHCM KaBiiTaqstniniocToifKciro 
CJXOtf Hit noRcpxiiocTi* 

TeoMeTpHHecKan (jtopMa Aexajieii rHApoTypSHH nocjie 
chhthh pa3pyuieHHoro icaBHTaijHeH cjtoh MeTajuia boc- 
CTaHaB jihb aeTCH o6biuho b jxbsl ripneMa: b nepBOM 
— SJieKXpO^yrOBOH HaiUiaBKCH HaHOCHTCH CJIOH HH3KO- 

ynnepoAHCToro MeTajuia, a bo btopom — stot cjioh 
rioKpbiBaeTCH MeTajuiOM, objia^aiontHM noBbiineHHOH 
CTOHKOCTBK) IIpOTHB KaBHTaitHOHHbIX pa3pyHieHHH. 

HH3Koyrjiepo^HCTbiH cjioh MeTajuia o6bihho HaHO- 
chtch pyuHbiM ctiocoGom C nOMOIIU>K> 3JieKTp0A0B, He 
HMeioiunx tokchhhbix okhcjiob, h npe>KAe Bcero OKHC- 
jiob Mapramta, jih6o nojiyaBTOMaTaMH b cpe^e yrjie- 


2. Uc-couditioiling of Geometry 
of Parts with Application 
of Cavitation Resistant Overlay 

After the removal of a metal layer damaged by cavi¬ 
tation, the geometry of the turbine parts is usually 
restored in two stages. During the first stage, a layer 
of low carbon metal is built up by electric-arc welding, 
during the second stage, this layer is faced with an 
overlay of cavitation resistant metal. 

The low carbon metal is usually welded on manually 
with the aid of electrodes which are free from toxic 
oxides, and primarily magnesium oxides, or by a 
semi-automatic welding machine in the carbon oxide 
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KHCjioro ra3a; npH stom npHMeHHiOT npoBojiOKy toji- 
hjhhoh 1,2 — 1,6 mm. IIocjieAHHH cnoco6 Hanbojiee 
np oh3b OflHTejibHbiii , ho TpeSyeT oco6bix Mep no OTBOAy 
yrjieKHCJioro ra3a H3 30Hbi paSoT, TaK KaK b03mc >KHbie 
pe3KHe noBbimeHHH ypoBHH Bombi b OTcacbmaioiuen 
Tpy6e MoryT hhtchchbho noAHomaTB yrjieKHCjibin ra3 
k MecTy pa6oT. 

KpenjieHne BTOporo cjioh MeTajuia, o6jia,uaiomero 
nOBbimeHHOH np OTHBOKaBHTaiJHOHHOH CTOHKOCTbK), 
npOH3Bo ahtch nocjie MexamraecKOH o6pa6oTKH Han- 
JiaBjieHHOH paHee noBepXHOCTH. 06pa6oTKa stoh no- 
sepxHOCTH noA KpenjieHne 3amHTiioro cjioh uoJi>KHa 
npOH3BOAHTBCH CO CTpOTHM KOHTpOJieM pa3MCpOB TaK, 
HTobbi nocjie KpenjieHHH saiimraoro cjioh h cootbctct- 
eyiomeH MexaHHuecKon o6pa6oTKH TOJimmia ero 6buia 
He MeHee 4 —6 mm. 3to oGbihho KOHTpojinpyeTCH no 
cooTBeTCTByioiuHM uiabjioHaM. 

OGjiHueBaHHe noBepXHOCTH cjioeM MeTajuia, o6jia- 
Aaioiuero noBbiineHHOH ctohkoctbio nporaB KaBHTa- 
UHOHHbix pa3pymeHHH, ao He^aBriero BpeMeHH oSbihho 
npoH3BOAHJiocb nyTeM npHBapKH nojioc H 3 jihctobch 
HepHcaBeioiuECH CTajiH. Ho BBHAy Toro, uto 3th nojiocbi 
b npontecce npHBapKH BcnyunBajiHCb, a b uaJibHenmeM 
npn 3KcnjiyaTai^HH Typ6HH ohh nofl achctbhcm 3HaKc- 
nepeMeHHbix nyjibcPipyiouuHx Harpy30K cpaBHHTe jibho 
SbicTpo GTpLiBajiHCL, ot 3Toro cnocoGa npHinJIOCB 
OTKa3aTLCH. 

B HacTOHiuce BpeMH Ha bccx T3C oCjiHi^eBaHiie 
noBepxHOCTeii BoccTaHaBjiHBaeMbix fleTajieii npoH3Bo- 
AHTCH pytiHOH 3JieKTp0Ayr0B0H HanjiaBKOH cjioh Me¬ 
Tajuia, jih6o nojiy aBTOMaTaMH nopomKOBoii npOBOJio- 
KOfi, HMeiOIUeH 3aiUHTHbIH nOpOIHOK BHyTpH. 

nocjie HanjiaBKH 3aiqHTHoro cjioh noBepxHOCTb ero, 
no^BepraeTCH mjin^OBaHHio. B cbh3h c tcm, hto 
npouecc uuiH^OBaHHH BecbMa Tpy^oeMKHH h thhccjibih, 
hcoGxo^hmo cepbe3HO paGoTaTb no HanjiaBKe KaK nep- 
Boro, TaK h objiHijoBOHHoro cjioeB MeTajuia, npHHyAH- 
TeJIbHO (JjOpMHpOBaTb HIBbI C TeM, HTOSbl oSjieruKTb 
npoAecc cBapKH h AoSHTbCH nojiyqeHHH noBepxHOCTefi, 
He TpeSyioiUHx MexaHHuecKOH o6pa6oTKH. 

9-5, HEHOJIAAKH B CHCTEME 
PEFyjUffOBAHHM 

A. OBI HUE 3AMEMAim*l 

TnApoarperaTbi oueHb uacxo bboahtch b SKCimya- 
TauHK) npn Hanopax, 3HauHTejibHO CTJiHuaioiuHXCH ot 
pacueTHbix, hto He no3BojineT npoH3BecTH npn nycnax 
arperaTOB BcecTopOHHee BbiHBjieHne h ycxpaHeHHe 
HeAocTaTKOB b paGoxe peryjiHTopos CKopocTH Bpanje- 
hhh. KpOMe Toro, no Mepe BBOAa nocjieAyioiuHx arpe¬ 
raTOB F3C noHBjiHEOTCH HOBbie 3KcnjiyaTauH0HHbie 
yCJIOBHH, npH KOTOpbIX BbIHBJIHIOTCH AonojiHHxejibHbie 
HeAOCTaTKH b paboTe peryjiHTOpOB CKopocTH BpameHHH 
THApOTypbHH. 

IlepeueHb HenojiaAOK b paSoTe CHCTeMbi peryjin- 

pOBaHHH MOHCCT 6bITb BeCbMa SojIblUHM; OAHaKO MbI 


medium, the welding wire in this case being 1.2—1.6 mm 
thick. The latter method is the most efficient one but 
requires special arrangements to discharge carbon oxide 
from the working zone because possible abrupt water 
stage rise in the draft tube may cause carbon oxide 
level to build up in the working zone. 

The second layer, which has a high cavitation 
resistance, is secured after machining the previously 
welded surface. 

This surface on which the protective overlay will 
be secured, must be machined with strict observances 
of the dimensions so that after securing the protective 
overlay and proper machining its thickness should 
be not less than 4—6 mm. It is usually checked with 
special templets. 

Facing of the surface with a metal overlay having 
a high cavitation resistance has been done of late by 
welding the stainless steel strips. But this method was 
rejected because the strips got buckled in the course 
of welding and in operation of the turbines they broke 
away quickly due to the action of sign-variable pulsating 
loads. 

At present, on all hydropower developments, the 
surfaces of re-conditioned parts are faced by means 
of hand electric-arc welding of the metal overlay, 
or with a semi-automatic welding machine by a powde¬ 
red wire. 

After building up the protective overlay its surface 
must be ground. As the grinding process is a rather 
labour-consuming procedure and a hard job, care 
must be given to welding both the first layer and 
overlay, the welds must be shaped up to facilitate the 
welding process and to produce surfaces which do not 
require machining. 

9-5, TROUBLES 
IN COVERING SYSTEM 

A. GENERAL 

The hydropower units are very often put on load 
at heads differing considerably from the rated ones 
which does not allow operational defects of the speed 
governors to be revealed and eliminated. Besides, as 
the next hydropower units are put in service, new 
operating conditions may develop under which addi¬ 
tional defects in operation of the speed governors 
become exposed. 

The list of troubles in the operation of the govern¬ 
ing system may be long, but we are going to discuss 
only those which are of frequent occurrence. They 
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paccMOTp hm 3^eci> jihhib HaH6ojiee nacTO BCTpeuaio- 
mnecH. K nncjiy hx mohcho othccth cjieflyiomHe: njio- 
xan paSoTa KJianaHOB MHY, yBejmueHHbie npoTeuKH 
Macjia h natiaHHe b CHCTeMe peryjinpoBaHHH. IIjioxaH 
pa6o T a KJianaHOB MHY H ajia>KHBaeTCH nyTeM cootbct- 
CTByionjcH hx peryjinpoBKH h noflroHKH. yMeHtmeHHe 
npoTenen b cncreMe, npoHCXOflHiflHX 3a cnei Gojibuihx 
3a30p0B B 30 JI 0 THHKaX H MOKAy nOpIHHHMH H XJHJIHH- 
ApaMH cepBOMOTOpOB ycTpaHHeTCH nyTeM saMeHbi Ae- 

cJjeKTHBix Aerajiefi. 

Bonpoc KanaHHH chctcmbi peryjinpoBaHHH npeA- 
CTaBJineT co6oii cepBesHyio saflany, TpeSyiomyio nofl- 
po6Horo paccMOTpeHHH. 

B. KOJIEBAHHE CHCTEMBI 
PEryJIHPOBAHHH 

KoneSaHHe chctcmbi peryjinpoBaHHH — HanSojiee 
nacran npiranHa nenojiaflOK b pa6o T e peryjiHTopoB 
ckopocth. Oho mojkot 6i>itb nan Ha xojioctom xofly, 
Tan h npn iiapa;i;ie;iBiioH paooTC rnflpoarperaTOB nofl 
Harpy3Koit. 

Kojie6aHHe perynHTopoB Ha xojioctom xofly arpe- 
raTa HaSjnoflaeTCH 3 HawejiBHO name, neM nofl Ha¬ 
rpy 3 koh. Ho GfciBaeT h Tan, hto peryjiHTOp. xoporno 
paGo'raex Ha xojioctom xofly, a nocjie BKinoneiiHH arpe- 
raTa b cctb hohbjihiotch chjibhbic Kanai-iHH, conpo- 

BO>KflaeMbie oSpaTHonocTynaTejiBHbiMH ABHjKei-iHHMii 
nopiHHeH cepBOMOTOpOB HanpaBJiHiomero annapaTa c 
BeJIHHHHOH nepeMemeHHH B HeCKOJIBKO fleCHTKOB mhji- 
jiHMeTpoB h nepenaflOM b hcckojibko ccky h;j; . TaKHe 
HBJieHHH name Bcero BCTpenaiOTCH Ha BbicoKOHanopHBix 
roc, HMeiomux AJiHHHbie HanopHbie Tpy6onpoBOflbi, 
TaK K3K TaM KOJieSaHHH y CHJIHB3IOTCH fleHCTBHCM 
rnapaBJinnecKoro yflapa. 

iJacroTa KOJieoairaii pcryjiHTopa MomeT comiaflaTb 
c oSopoTaMH rnapoarperaTa, 6 wtb KparaoH hm hjih 
H eCBH3aHH0H C oSopOTHOCTBIO. Ecjih nacTOTa KOJieOa- 
hhh coBnaaaeT c oSopoxaMH hjih Kparaan hm h npoHB- 
jiHeTCH b BHfle TOJinnoB, to npHnHHy KOJieSaHHH cjie- 
3yeT HCKaTB b TaxoreHepaTope jih6o b ManTHHKe pery- 
jiHTopa. noflana HMnyjiBCOB ot TaxoreHepaTopa, Bbisbi- 
saiomHX KanaiiHC chctcmbi, nponcxoflHT BCJieflCTBne 
HJioxoro i^eiiTpHpoBaHHH ero poTopa othochtcjibho cra- 
Topa hjih BCJieflCTBHe 6 hchhh b npHBOfle k poTopy, 
ecjiH nocjieflHHH He chaht Ha Bajiy reHepaTopa, a coe- 
AHHeH c hhm KaKOH-JiH6o nepeflaHeft. YcrpaHHioTCH 
3 th HeflocTaTKH nyTeM TmaTejiBiioro flCHTpupoBamiH 
y3Jia. 

KojieGaHHH chctcmbi peryjinpoBaHHH Bbi3biBaiOTCH 
mhothmh npHHHHaMH, ho rjiaBHBie H3 hhx cjieflyiomHe. 
1) SojiBinaa HenyBCTBHTejiBHOCTB 3BeHBeB chctcmbi pery- 
jinpoBaHHH; 2) HeflocTaTonHoeTB BbiKJiionaiomero 3$- 
(JjeKTa o6paTHOH cbh3h; 3) HenojiaflKH b ajieKTpnnecKOH 
HaCTH B 3TP. 

He^yBCTBHTejibHBiMH 3BeHbHMH cHCTeMbi peryjiH- 
pOBaHHH MoryT 6biTb: MaHTHHK, nepeA^a ot noSyAH- 
TejibHoro 30Ji0THHKa k cepBOMOTOpy HanpaBJiHiomero 
annapaTa; ajieivieHTbi KHHeMaraKH oSparaoH cbhsh 


cover the following: poor work of the oil pressure 
system valves, excessive oil leakage, and governing 
system hunting. 

A poor work of the oil pressure system valves is 
eliminated by their adjustment and setting up, Excessive 
oil leakage in the system caused by big clearances in 
the distributing valves, between the pistons and the 
servomotor cylinders is eliminated by replacing defec¬ 
tive parts. 

The governing system hunting is a critical problem 
which requires a detail consideration. 

B. GOVERNING 
SYSTEM HUNTING 

The governing system hunting is the most frequent 
cause of maloperation of the speed governor. It may 
occur at no-load run and when sharing the load with 
other units. 

The governor hunting at no-load operation of the 
hydropower unit is of a more frequent occurrence 
than on-load. Sometimes, however it happens that the 
governor operates well at no load, but after its con¬ 
nection to the system, there occur heavy swings accom¬ 
panied by reciprocating motion of the gate servomotor 
pistons with a travel magnitude of several tens of tnm 
and several seconds time difference. Such phenomena 
primarily occur at highhead installations with a long 
penstocks because in these installations hunting is 
intensified by hydraulic hammer. 

The governor may hunt at a rate equal to the hydro- 
power unit speed; may be a multiple of it or inde¬ 
pendent of the speed. If the rate of hunting is the 
same as or is multiple of the oscillations and mani¬ 
fests itself in the form of shocks, the source of hunting 
should be looked for in the tachogenerator or in the 
centrifugal pendulum. Tachogenerator induced pukes 
causing the system to swing result from poor centering 
of its rotor with respect to the stator, or run-out in 
the drive to the rotor if the latter is not mounted on 
the generator shaft but connected through a transmis¬ 
sion gear. These defects are eliminated by proper 

alignment of this assembly. 

The governing system hunting may be caused by 
various reasons, the main ones being: 

(1) high insensitivity of the governing system 

features; „ , r A 

(2) inadequate “shutting-off effect” of the feed¬ 
back mechanism; 

(3) troubles in electrical part of the electrohydraulic 

governor. + 

The following members of the governor system 

may be insensitive: centrifugal pendulum (flyballs), 
transmission gear from the pilot valve to the gate 
servomotor, feedback connection elements (from servo¬ 
motor to damping device), the governor damping 
device. 
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(nepeAaua.oT cepBOMOTopa k H 3 onpoMHOMy Mexami 3 My) 
h H 30 ApoMHbiH MexaHH 3 M peryjiHTOpa. 

PacCMOTpHM KpaTKO npHHHHBI, BbI 3 bIBaiOIAHe He- 
ny bCTBHT ejibHOCTb 3 thx 3 BeHbeB, h onpeAejiHM cnocoSbi 
HX HaXOHCA^HHH h yCTpaneHHH. 

HeuyB CTBHTejibHO CTb MaHTHHKa peryjiHTOpa o 6 yc- 
jiOBjiHBaercH HajinuneM chji TpeHHH b ero coHJieHeHHHx, 
KOTOpbie npHBOAHT K TOMy, HTO IIITH(j)T MaHTHHKa npH 
OAHOH H TOH >Ke CKOpOCTH BpailjeHHH 38 HHMaeT pa 3 JIHU- 
HOe nojiojKeHne. J^pyriiMii cjiOBaMH: npH noA'beMe 
CKOpOCTH OT KaKOrO-TO MHHHMajIbHOrO 3 HaueHHH AO 
HOMHHajIbHOH IHTH(f)T MaHTHHKa RJ1H. Ka>KAOrO 3 HaHCHHH 

ckopocth 6 yAeT 3 aHHMaTb nojio>KeHHe, otjihhhoc ot 
3 HaneHHH ckopocth, AocTHrayTOH He npn noA'beMe, a 
npH CHHHCeHHH, H M 3 HTHHK SyACT HMCTb 30Hy HenyB- 
CTBHTeJIbHOCTH B BHAe nOJIOCbl HenyBCTBHTeJIbHOCTH 

(pHC, 226). 

CHHTHe XapaKTepHCTHKH MaHTHHKa npOH 3 BOAHT 
jih 6 o Ha creHAe, ofiecnenHBaioiAeM njiaBHoe H 3 MeHeHHe 
ckopocth, jih 6 o KorAa arperaT HaxoAHTC h Ha xojioctbix 
ofiopOTax, a peryjiHTOp nocraBjieH na pynHoe ynpas- 
Jieime. 

CjieAyeT HMeTb b BHAy> hto BufipamiH 4 >yHAaMeHTa 
peryjiHTOpa hjih cTeHAa MoryT HCKa 3 HTb xapaKTepu- 
CTHKy, npH 6 jiH 3 HB ee k a 6 cojiK)THO nyBCTBHTejibHOH, 
3a CHCT CBeAeHHH K MHHHMyMy CHJI TpeHHH. 

YBejiHneHHe nee AeficTBHTejibHofi nyBCTBHTejibHocTH 
MaHTHHKa np 0 H 3 B 0 AHTCH 3 a CHeT yMeHbineHHH CHJI 
TpeHHH B COHJieHeHHHX MaHTHHKa. 

HeuyBCTBHTejibHocTb nepeAann ot noSyAHTCJibHoro 
30JioTHHKa k cepBOMOTOpy HanpaBJiHiomero annapaTa 
onpeAejiHCTCH 3aMepaMH npeAOJiOB nepeMemeHHH no6y- 
AHTejIbHOrO 30 JI 0 THHKa, B KOTOpbIX CepBOMOTOp He 
pearnpyeT, T.e. He HMeeT nepeMemeHHH. HeuyBCTBH- 
TejIbHOCTb ofipaTHOH CBH3H OnpeACJIHIOT nyTeM H3Me- 
peHHH npeAejibHbix B03BpaTHonocTynaTejibHbix nepe- 
MemeHHH nopmHH cepBOMOTopa HanpaBJiHiomero anna¬ 
paTa, b Anana30He KOTopbix nofiyAHTejibHbiH 30 jiothhk 
He nojiynaeT cooTBeTCTByiomHx nepeMemeHHH ot Aefi- 
ctbhh oSpaTHon cbh 3 h. B 3 tom cjiynae 30ria HenyBCTBH- 
TejibHOCTH yMeHbmaeTCH 3a cneT jiHKBHAaimH jikxJjtob 
B KHHeMaTHHeCKOH KfiJin MexaHH3M0B o6paTHOH CBH3H. 
HeAOCTaTOHHOCTb BbiKJiionaiomero 3(J)(J)eKTa ofipaTHon 
CBH3H onpeAeJineTCH npn c6pocax Harpy30K. Ecjih npH 


c 6 poce HOMHHajIbHOH Harpy 3 KH HanpaBJimomHH anna- 
paT 3 aKpbiBaeTCH nojiHocTbio h Aance momecct b stom 
3 aKpbIT 0 M nOJIOHCeHHH HaXOAHTbCH eme HeCKOJIbKO 
cenyHA H Jinmb noTOM, nocjie HecKOJibKHx KOJiefiaHHH 
b AnanaaoHe ot HyjiH ao otkpbithh xojiocToro xoAa, 
OCTaHOBHTbCH B nOJIOHCeHHH, COOTBeTCTByK>meM XOJIO- 
CTOMy XOAy, TO 3 T 0 CBHAeTCJIbCTByeT 0 MajIOM BblKJIIO- 
naiomeM 34>4>eKTe. 


Let us briefly consider the causes of insensitivity 
of these members, methods of detecting these causes 
and elimination. 

Insensitivity of the centrifugal pendulum (flyballs) 
stems from friction forces in its joints which cause 
the flyball pin to assume different positions at the 
same speed of rotation. In other words, at the speed 
rise for a certain minimum value to the rated one, 
the flyball pin tends to assume a position which for 
each speed magnitude will differ from the speed magni¬ 
tude to be reached when lowering the speed. The 
centrifugal pendulum (flyballs) will have an insensitive 
zone in the form of a dead band (Fig. 226). 

The flyballs characteristics are determined either 
at a test stand providing smooth speed variation, or 
when the unit runs at no-load speed and the governor 
is on manual control. 

It should be noted that vibrations of the governor 
foundation or the test stand may distort the charac¬ 
teristic bringing it close to the absolutely sensitive one 
because of reducing the friction forces to a minimum. 

Sensitivity of the pendulum can be upgraded by 
reducing the friction in the pendulum joints. 

Insensitivity of the transmission gear from the 
pilot valve to the wicket gate servomotor is determined 
by measuring the limits of the pilot valve travel within 
which the servomotor does not respond, i.e., does not 
move. Insensitivity of the feedback mechanism is 
determined by measuring reciprocations of the gate 
servomotor piston within the range in which the pilot 
valve does not receive respective motions from the 
feedback mechanism actions. In this case, insensitivity 
is reduced by eliminating the plays in the feedback 
connection elements. 

Inadequate effect of the feedback mechanism is 
determined at load shedding. If upon shedding of the 
rated load, the wicket gates close up completely and 
even may remain in the closed position several seconds 
more and only after several oscillations from zero to 
no-load position they assume the no-load position, 
it points to the low feedback shutting-off effect. 


426 

















































B 3tom cjiyqae BbiKJiioqaiomHii acJxfreKT aojihcch 
6bitb yBejiH^eH ot6o 3a cueT yBejmqeHHH nepeAaToq- 
Horo OTHOiueHHH b nepeAane BbiKJHO^axejiH, jih6o 3a 
oner yMeHtmeHHH ^poccejiHpyiomero oxBepcTHH b 
K axapanxe H30ApoMa. 

BbiKjiio^aioiqHH 3<f)(|)eKT o6paxHoft CBH3H aojbkch 
6bixb HajiameH TaK, hto6bi npn c6poce HOMHHajiBHoit 
Harpy3KH HanpaBjiHiomnit annapaT aoxoahji ro nojio- 
jKeHHH, npn KoxopoM npeKpamaexcH npHpocx CKopocrn 
BpameHHH,' a 3axeM 3anpBixHe ero aoji>kho nponcxo- 
Ahxb c 3aMejpieHHeM. 

Ecjih yBejiH^eHHe ac&ctbhh BBiiciio^aiomero 3(f)- 
4>eKxa npoH3BecxH 3a npe^eJiBi A°ny cthmbix 3HaneHHfi, 
xo npn cfipocax nojiHoii Harpy3KH KaxapaKxoM h Mexa- 
HH3MOM OCXaiOmefiCH HepaBHOMepHOCTH 30JIOXHHK B03- 
BpaxHxcH b cBoe cpe^Hee nojionceHHe h ocxaHOBHX 
^BHHceHHe nopniHH cepsoMoxopa Ha 3aKpBixne 5 Kor^a 
cKopocxB BpameHHH arperaxa eme 6y^ex B03pacxaxB. 
JXjih. RSLjihnmuiero abhhcchhh nopniHH Ha 3aKpBiTHe 
3 ojioxhhk RomKtu 6y Ret CMecxHXBCH eu^e hcckojibko 
B CXOpOHy 3aKpBIXHH. 

CjieAyex otmcthtb, hxo Hana^Ka chcxcmbi peryjin- 
poBaHHH Ha xojiocxom xoAy npn ee KOJieSaHHH CojiBmefi 
nacxBio oGecneHHBaexcH 3a cnex yBejiHueraiH bbikjiio- 
naiomero 9(|)(|)eKTa oCpaxHoft CBH3H. 

9-0 . HEHCIXPABHOCTH B 
3JIEKTPHHECKOH HACTH 
TEHEPATOPOB 

A. OB1HME SAMEMAHHJI 

B npoijecce nycKOHajiaAOHHbix pa6ox h b nepBOM 
nepnoAe 3KcnjiyaxaAHH rHAporenepaxopoB HencnpaB- 
hocxb b 3JieKxpHHecKoS HacxH rHAporei-repaxopOB hbjth- 
exca oahoh H3 npHOTH, no Koxopoft oh pafioTaeT HeHop- 
MajIBHO HOT COBCeM BBIXOAHX H3 CXpOH. 

K HHCJiy HaHSojiee nacxo BCxpenaioiAHxcH hchc- 
npaBHoexeS b ajieicrpHHecKoii nacTH rimporeHepaxopoB 
mohcho oxHecTH cjieAyKmme: 1) 3aMBiKaHHe o6moxkh 
nojiiocoB poxopa Ha Kopnyc; 2) 3aMBiKaHHe MewcAy 
BHTKaMH b ofiMOTKe nojiiocoB poxopa; 3) HCKpeHne 
H3-noA mexon; 4) noBBimeHHBifi myM b raAporeHepa- 
Tope; 5) BnGpaAHH o6motkh cxaxopa. 

E. 3AMLI&AHHE OEMOTKH nOJIIOCOB 
POTOPA HA KOPIiyC 

HBjieHHe aaMBXKaHHH oSmoxkh nomocoB poxopa Ha 
Kopnyc b raAporeHepaxopax HafijnoAaexcH BecBMa qacro. 
IIpHHHHaMH 3X0r0 B SoJIBIHHHCXBe CJiyHaCB HBJIHIOTCH 
nonaAaHHe mokay o6motkoS h cepACHHHKOM b Mecxax 
naHKH bbiboaob KanejieK ojioBHHHCxoro npnnoH, naca- 
Hne o6moxkh cepAeHHHKa qepe3 npoAaBjieHHyio H30- 
JIHIJHK) H Ap‘ 

3x0 BecBMa onacHoe HBJieHHe, Tan KaK b cjiynae 
SKcnjiyaxaipH reHepaxopa c 3aMKHyxoft Ha nopnyc 


In this case, the feedback shutting-off effect must 
be improved by increasing the transmission ratio of 
the switch or by reducing the throttling port in the 
dashpot. 

The feedback shutting-off effect must be so adjusted 
that on shedding of the rated load, the wicket gates 
should assume a position at,which the speed incre¬ 
ment ceases and then its closure should take place 
with a delay. 

Should the feedback effect be “overregulate” beyond 
the limits of permissible values, at a load drop the 
dashpot and the speed droop mechanism return the 
distributing valve in its mid-position and it will check 
movement of the servomotor piston in the closing 
direction when the unit speed is still rising. To move 
the piston farther in the closing direction, the distri¬ 
buting valve has to move somewhat farther in the 
closing direction. 

It should be noted that adjustment of the governing 
system at no-load speed in case of its hunting is effected 
by augmenting the “shutting-off” effect of the feed¬ 
back mechanism. 

9-6. TROUBLES IN ELECTRICAL 
CIRCUITS OF GENERATORS 

A. GENERAL 

In the course of commissioning and adjustment, 
and initial period of operation, troubles in the electric 
circuits of the generators are one of the causes bringing 
on malfunction or failure of the generator. 

Troubles that occur most frequently in the generator 
electric circuits are as follows: (1) ground fault in the 
rotor field coils; (2) turn-to-turn fault of the rotor field 
coils; (3) sparking at the brushes; (4) excessive noise 
in the generator; (5) vibration of the stator 
winding. 

B. GROUND FAULT TN THE ROTOR FIELD COILS 

Ground fault in the rotor field coils rather fre¬ 
quently occurs. In many cases, it is caused by tin 
solder droplets got between the winding and the core 
at the brazed joints when the winding comes in contact 
with the core through broken insulation. 

It is rather a critical phenomenon because when 
running the generator with ground-faulted field coils 
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oSmotkoh nojiioca npn saMbiKaHHH eme oAHoro H 3 

nOJIIOCOB C npOTHBOIIOJIOJKHOH CXOpOHbl np0H30HACT 
OAHOCTopoHHee 3JieKxpOMarHHTHoe npHTJDKeHne toot- 
ROM pOTOpa K CTaTOpy. 

HaxoKACHHe nojiioca c 3aMKHyT0H oGmotkoh Ha 
Kopnyc h cnocodbi HcnpaBjieHHH 3Toro Ae<t>eKTa pac- 
CMOTpeHbi Bn. rj 8-5. 

B, 3AMLXKAHHE BHTKAMH 

OEMOTKH IIOJIIOCOB POTOPA 

SaMbIKaHHe MeHCAy AByMH HJIH HeCKOJIbKHMH BHT¬ 
KaMH o6motkh pOTOpa oGbiuho Bbi3biBaeT SojiBiiiyio 
BHfipaAHio THApoarperaTa c nacTOTOH KOJiefiaHHH, cob- 
naAaioiAeH c ero ofiopoTaMH. 

BbIHBJieHHe HOJIIOCOB, HMeiOIIJHX 3aMbIKaHHH BHT- 
KOB, npOH3BOAHTCH HeCKOJIbKHMH, OIOCO0aMH, HpOCTCH- 
IHHH H3 KOTOpbIX — CnOCo6 H3MepeHHH HanpHHCeHHH 
b KaTyniKax KancAoro nojiioca. B stom cjiy^ae b KaTym- 
Kax, HMdOIAHX MeHCBHTKOBbie 3aMbIKaHHH, HanpHHCeHHe 
SyAeT Meiitiue, ueM b HcnpaBHbix. CjieAyeT 3aMeTHTfc, 
hto npn TaKOM HcnbiTaHHH HaAO cogjiiOAaTL oco6yio 
OCTOpODKHOCTb, TaK KaK B oGmOTKC pOTOpa H Ha K0H- 
TaKTHblX KOJIbAax MOryT B03HHKHyTb BbICOKHe HanpH- 
HceHHH, onacHbie aot hch3hh. Ilocjie BbiHBjieHHH nojiio- 
COB C HapyineHHOH MOKBHTKOBOH H30JIHimeH hx chh- 
MaioT c pOTOpa h onpeAejiniOT rioBpejKAeHHbie bhtkh 
AJih cooTBeTCTByioiAero peMoma. IIoBpe>KAeHHBie bht¬ 
kh HaxoAHT, TaK >Ke KaK h nojnocbi, nyTeM conocTaB- 
JieiiHH HanpHHceHHH, 3aMepHeMbix Ha coccahhx rpynnax, 
COCTOHIAHX H3 OAHHaKOBOrO OTCJia BHTKOB KaTyHIKH. 
PeMOHT Me>KBHTKOBOH H30OTHHH IIpOH3BOAHTCH IlOCJie 
chhthh KaTyniKH c cepAeuHHKa cnocofioM, onpeAeOTio- 
iahmch xapaKTepOM noBp okaohuh . 

HecKOJibKO cjioHCHee oSctoht AeJio c HaxoncAeHHeM 
B oSMOTKax HOJIIOCOB pOTOpa Me>KBHTKOBOrO 3aMbIKa- 
HHH, HMeiomero 6jiy>KAaK)iAHH xapaKTep, T.e. iiohbjihk)- 
merocfl noA achctbhcm HeHTpo6e!>KHbix chji, B03HH- 
KaioiAux npn BpameHHH pOTOpa. JX jih Haxo>KAeHHH 
nojiioca, HMeiomero 6jiy>KAaiomHH KOHTaKT mokbht- 
KOBoro 3aMbiKaHHH, Ha Bajiy HaA KomaKTHbiMH KOJib- 
AaMH hot noA hhmh y CTaHaBjiHBaiOT cneAHajibHoe 
KOHTaKTHoe KOjitAO, a k HenoABH&KHOMy y3Jiy npoTHB 
Kojibixa TpaBepcy co meTKOH. 3aTeM sto kojikao 
CO eAHHHeTCH npOBOAOM C MOKAynOJIIOCHblM COeAH- 
HeHHeM OAHoro cpeAHero nojiioca TaK, hto6bi ' poTop 
no nojuocaM 6 biji pa36nT Ha ABe paBHbie nojioBHHbi. 
IIpH 3T0M npOBOA HaAe>KH0 KpenHTCH K pOTOpy, HTOSbl 
npn BpameHHH nocjieAHero He 6buio noBpenc achhh . 
Ilocjie 3Toro b odMOTKy poTopa, HaxoAHmerocn nona 

eme B IieilO’lBHHaiOM COCTOHHHHj T icpc 3 KOHTctKTIIUe 
KOJiBpa noflaiOT nepeMeHHbifl tok Hanp«>KeHHeM 120 B, 
33MepHH flByMH BOJIBTMeTpaMH HanpHHceHHe MOKfly 
Ka>K;(I- ; IM K0HT3KTHBIM KOJIBl^OM pOTOpa H BCIIOMOra- 
TejibHbiM KOJibAOM (pnc. 227). B 3tom cjiyqae, ecOT 
MOKBHTKOBOe 3aMbIKaHHe o6pa3yeTCH TOJIbKO Ha 060- 
poTax, to HanpHHCeHHe Ha o6enx nojioBHHax 6yAeT 
OAHHaKOBoe. 


failure of one more pole on the opposite side may 
cause on one side electromagnetic attraction to push 
the rotor towards the stator. 

Detection of a field coil with a ground fault and 
methods for rectifying this defect are discussed in 
Subsection D of Section 8-5. 

C. TURN-TO-TURN FAULT rN ROTOR FIELD 
COILS 

Short circuit in two or more rotor field coil turns 
causes heavy vibration of the hydropower unit, with 
frequency of oscillations coinciding with its revo¬ 
lutions. 

Detection of the poles with short-circuited coil 
turns is effected by several methods. The simplest 
one is measurement of voltage across the coils of each 
pole. In this case the coils with turn-to-turn fault will 
have a lower potential than the good ones. 

It must be emphasized that a particular caution 
should be exercized in conducting this test because 
high voltage dangerous to life can set up in the rotor 
winding and across the slip rings. On detecting the 
poles with failed turn insulation, they are removed 
from the rotor and the damaged turns are pinpointed 
for respective repairs. The damaged turns are detected 
similar to the poles by comparing voltages measured 
at the adjacent groups consisting of an equal number 
of coil turns. The turn insulation is repaired on removal 
of the coil from the pole core by the method which 
depends on the nature of damage. 

It is a more difficult matter to locate the turn-to- 
turn fault of a wandering nature in the rotor field 
coils which occurs due to centrifugal forces in rotation 
of the rotor. The pole having a wandering contact 
of the turn-to-turn fault is detected by fixing a special 
slip ring on the shaft above or below the slip rings 
and the brush rocker opposite to the slip ring. Then 
this slip ring is wired up to the interpole connection 
of one middle pole so that the rotor should be split 
in two equal halves with respect to the poles. The 
wire* must be reliably secured to the rotor to avoid 
damage in rotation of the rotor. After this, alternating 
current at 120 V is applied through the slip rings to 
the rotor winding at stand-still, with the voltage being 
measured by two voltmeters between each slip ring 
and the auxiliary slip ring (Fig. 227). In this case, if 
the turn-to-turn fault occurs only at running the voltage 
level at bpth halves will be equal. By making the same 
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IIoBTOpHH 3 th A<e 3aMepbi Ha odopoxax, nojiynaeM 
pa3Hbie rioKasaHHH, npuneivi HanpHAceHHe yMenbiiiHTCH 
TOAHKOM B TOH rpyiHie nOJIIOCOB, TJSfi nOHBHTCH Me>K- 
BHTKOBOe 3aMbIKaHHe. 

HerpyAHO onpeACAHTB, hto A^Aee nyTeM noonepeA- 
hbix npHeoeAHHeHHH noJiiocoB k cneijHaABHOMy koh- 
TaKTHOMy KOJitAy aHanorHHHbiM cnocofloM HaxoAHM 
nOJIIOC, HMeiOHJHH 3TOT GjiyHCAaiOIAHH KOHTaKT. 


measurements at running, different readings are obtai- 
ned, with voltage dropping jerk-like in a group of 
poles in which a turn-to-turn fault occurs. 

It is not difficult to realize that the pole with a 
wandering fault is determined by connecting the poles 
in turn to a special slip ring. 

r. HCKPEHHE ns-noft IUETOK 

B npopecce nycKO-Hajia;;o T ii-n>ix pafioT n b nepno^ 
SKcnnyaTapHH Ha KajKflOM ny-ipoi'cnepaxope iiaojno- 
3aercH HCKpeHHe H3-nofl iuctok KOJiJieKTopa h koh- 
TaKTHBIX KOJieu. 3 to HCKpeHHe MOWeT HMeTb HefiOJIB- 
Uioe h noBbimeHHoe 3HaueHHe. Hefiojibinoe (TOueuHoe, 
Sejioro hjih ro.ayGoBaxo-Gc.'ioro nisexa) HCKpeHHe Ha 
coeraioniHx KpoMKax meTOK He BbiabiBaex KaKHx-jinfio 
BpeAHbix nocjieflCTBHH h hbjihctch BnojiHe HopMaJib- 
HbiM. BbiTHHyTbie HCKpbi >KenTOBaToro orreHKa cbh- 
fleTejIBCTByiOT O HeHOpMaJIbHOCTH B KOMMyTaHHH. Hckpbi 
c 3ejieHOBaTbiM ottchkom riopTBcp'/K.-uiiox qacTHHHoe 

cropaHHe KOJiJieKTopa. 

KpnxepneM ajih onpefleneHHH HOpMajibHoro HCKpe- 
HHH C.IV>KHT COCTOHHHe COlipHiaC.VblX nOBepXHOCTCH 
Ha ipeTKax h KOJiJieKXopax jihSo KOHTaKTHbix Kojitpax. 
CTeneHb HCKpeHHH opeHHBaeTCH no uiKane TOCT, 
KOTopoii onpeAejiHiOTcn ee HopMajibHbie anaueHHH. 
IIoBbimeHHoe HCKpeHHe H3-noA meTOK HadjnoAaeTCH 
cpaBHHTejibHO nacTO. 3to HBJieHHe nan no xapanxepy 
odpaSOBaHHH HCKp, TaK H no npHHHHaM, BblSblBaiOIAHM 
3TH HCKpbi, HMeeT BecbMa dojibinoe pa3Hoo6pa3ne. 

Hnnce paccMOTpHM jiHmb HeKOTopbie HandoJiee xa- 
paKTepHbie bhaui noBbiineHHoro HCKpeHHH h npnnHHbi 
ero o6pa30BaHHH. 06iahmh npHHHHaMH o6biunoro no- 
BbimeHHoro HCKpeHHH H3-noA njeroK KOJiJieKTopa h 
KOHTaKTHbix KOJieA 6yAyT cneAyiomne: njioxoe npHJie- 
raHHe meTOK k noBepxHOcra Ha KonneKTope hjih koh- 
TaKTHOM KOJibne; 3arpH3HeHHe hjih 3aMacJiHBaHHe me- 
TOK H KOJiJieKTopa hjih KOHTaKTHbix KOJieA, 3aeAaHHe 
meTOK b meTOHHOM annapaTe, 6neHHe KOHTaKTHbix 
KOJieA hjih KOJiJieKTopa, nnoxoe hah HeoAHHaKOBoe 
Hancarae Ha meTKH h saahhchoctb Konnercropa hah 
KoneA- 

3th HenoAaAKH ycrpaHHioTCH BecBMa Aerno : npoH3- 
BOAHT, COOTBeTCTBeHHO, npHTHpKy meTOK k nosepx- 
hocth koa AeKTOpa hah KOAbAa nyTeM odpaTHonocry- 

naTeAbHblX ABHACCHHH CTeKAAHHOH HIKypKH, 3aAOACeH- 



Phc. 227. CxeMa naxojK^eHiiH mokbhtko- 
Boro 3 aMBIKaHHH B o 6 MOTKe pOTOpa THApO- 
reHepaTOpa, MMeiomen Gjiyn^aiomHH KOH¬ 
TaKT 

Fig. 227. Circuit arrangement for the loca¬ 
tion of turn-to-turn fault in generator rotor 
winding with stray origin contact 


D. SPARKING AT BRUSHES 

In the course of commissioning and adjustment 
and during operation, there occurs sparking at the 
commutator and the slip ring brushes. This sparking 
may be of a minor or a critical significance. Small 
sparking (point-like, of white or bluish white) 
at the trailing edge of brushes does not cause any 
adverse effects and it is quite normal. Elongated 
yellowish sparks indicate poor commutation, greenish 
sparks point to partial burning of the commutator 
copper. 

The condition of mating surfaces on the brushes, 
commutators, or slip rings serves as criterion for 
assessing normal sparking. The degree of sparking 
is evaluated by the standard scale which is used 
to determine its normal values. Excessive sparking 
at the brushes is comparatively of a frequent 
occurrence. This phenomenon varies considerably 
both in terms of spark formation nature and causes 
of sparking. 

Hereinbelow we are going to discuss most typical 
kinds *of excessive sparking and its causes. General 
causes of ordinary excessive sparking at the com¬ 
mutator and slip ring brushes are as follows: imperfect 
bedding of brushes on the commutator and slip ring, 
sticky brushes, run-out of slip rings or commutator, 
poor or non-uniform brush pressure, ellipticity of the 
commutator or slip rings. 

These troubles can be readily eliminated by bedding 
of brushes to the commutator or slip ring surfaces by 
drawing a sandpaper fitted between the brush and the 
commutator or slip ring surface back and forth, by 




HOH MOKAy IACTKOH H nOBepXHOCTBIO Ha KOAACKTOpe 
HAH KOABAe; npOMBIBKy IAeTOK H nOBepXHOCTH aBHa- 
6 ch3hhom; noAroHKy meTouHoro annapaTa h perynn- 
poBKy npy>KHH, HanoiMaioiAHX Ha meTKH h npoTonny 
KO A AeKTOp a HAH KOHTaKTHbix KOAeA- 

KpOMe 3THX odiAHX npHHHH, BbI3bIB aiOIAHX HCKpe¬ 
HHe H3-nOA HjeTOK KO A AeKTOp a H meTOK KOHTaKTHbix 
KOAeAi ecTB eme h AonojiHHTeABHbie hphhhhbi, koto- 
pbie BbI3bIBaiOT pa3H006pa3Hbie BHAbI HCKpeHHH TOJIBKO 
ahuib H3-noA meTOK KonneKTOpa. 

K 3THM BHAaM HCKpeHHH H IIpHHHHaM, HX BbI3bI- 

BaiomHM, b nepByio ouepeAi> moacho othccth cAeAyio- 
mne. Ecjih npn B03by>KAeHH0M reHepaTope c Harpy3- 
koh hah 6e3 Hee no KoneKTopy Me>KAy meTKaMH Ha6- 
AIOAaeTCH KpyrOBOH OrOHB, 3TO MO>KeT 6bITB BCAeA“ 
CTBHe HenpaBHABHOH ycTaHOBKH TpaBepcbi (He Ha Hen- 
TpaAn), HepaBHOMepHoro paccTOHHHH Me>KAy oderaio- 
iahmh KpaHMH meTOK coceAHHx dpaneTOB; HenpaBHAB- 
Horo nepeAOBaHHH rAaBHbix h AonojiHHTejiBHbix noAio- 
cob; HenpaBHABHoro co e ahhchhh AonoAHHTeABHbix no- 
aiocob c HKOpeM, cAadbix meTOK, KOTopbie cpabaTbi- 
BaeMoii yroABHOH nbiABio co3AaioT mocthk. 

IIpOHBAeHHe HCKpeHHH He B BHAe KpyrOBOrO othh, 
a OTAeJIBHblMH BnAeCKaMH MO>KeT 6bITB BbI3BaHO 3aMbI- 
KaHHeM Me>KAy co6oh oTAejiBHbix miacTHH KOJiAeKTOpa 
3a cueT Harara mcah, 3aMbiKaHHeM Me>KAy neTyuiKaMH 
hjih 3 aMbiKaHHeM na Kopnyc ah6o mcyKjsy codon bhtkob 

HKOpHOH odMOTKH. 

H. noubiuiimm»iM diym 

B rHAPOrEIIEPATOPE 

IIoHBAeHHe b THAporeHepaTope noBbimeHHoro rnyMa 
c y chahb aiomnMH TOHaMH, coBnaAaiomnMH no nacTOTe 
c odopoTaMH rHApoarperaTa, cBHAeTenBCTByer o HaAH- 
hhh b reHepaTope yBeAHneHHoro MarHHTHoro HedanaHca. 
Ecjih stot myM conpoBO>KAaeTCH eme h BndpaAHeH 
enHHKH aKTHBHOH CTUAH CTaTOpa, TO, KpOMe MarHHT- 
Horo HeSanaHca, hctohhhkom noBbiineHHoro myMa 
HBAneTCH eme h CAaSan onpeccoBKa CTaAH. JTjih yMeHB- 
rneHHH rnyMa hco6xoahmo npHBecTH b cootb eTCTBHe 
poTop co craTopoM b uacTH MarHHTHoro SanaHca cno- 
codaMH, p accMOTp eHHbiMH Bn.T§ 5-11, a ocnabneHHaH 
aKTHBHan craAB Ha 6bitb nepenpeccoBaHa hah 

ynAOTHeHa nyTeM 3a6nBKH reTHHaKCOBbix, tckcthah- 
TOBblX HAH APyrHX KAHHBeB Me>KAy naKeTaMH CTaJIH. 

OBMOTKH CTATOPA 

IIoBbimeHHbie 3HaneHHH BHdpaAHH o6motoi< cTa- 
TopoB THAporeHepaTopoB KaK b na3y, TaK h b aoSobbix 
nacTHX HepeAKO Bbi3bmaiOT noBpeACACHHH h3ojihahh 
h npodoH. IIoBbimeHHaH BHbpaimn oSmotkh b na30- 
boh nacTH craTopa hbahctch CAeACTBHeM nnoxoro 
yruiOTHeHHH ee b na3y h HeAOCTaTOHHO CHABHoro npn- 
>KHMa pacKAHHHBaiomero na30Boro KJiHHa. 

B pe3yjn»TaTe B03AeHCTBHH cha, Bbi3biBaeMbix sthmh 
B nSpaAHHMH, H30AHAHH na30B0H uacTH MOAceT noABep- 


cleaning the brushes and slip ring or commutator 
surfaces with high-grade petrol, by setting up the 
brush gear and adjusting the springs holding down the 
brushes, by turning down the commutator and slip rings. 

Apart from these general causes bringing about 
sparking at the commutator and slip ring brushes, 
there are some additional causes which cause only 
sparking at the commutator brushes. 

These types of spring and their causes include the 
following. If between the commutator brushes there 
occurs ring fire with the generator excited and carrying 
or not carrying load, it may be caused by a wrong 
positioning of the brush rocker (off the neutral), 
unequal distance between the trailing edges of brushes 
in adjoining brush sets, wrong sequence of main and 
commutating poles, wrong connection of the commu¬ 
tating poles to the armature. 

Sparking in the form of separate flashes may be 
caused by a short circuit in separate commutator 
segments due to too tight copper, short-circuiting of 
the commutator rises or ground, fault or turn-to-turn 
fault in the armature winding. 

E. EXCESSIVE NOISE 
IN THE GENERATOR 

Excessive noise in the generator with increasing 
tones at a rate equal to the generator speed indicates 
excessive magnetic unbalance in the generator. If the 
noise is accompanied by vibration of the stator core 
back, the cause of excessive noise, apart from the 
magnetic unbalance, is also inadequate clamping of 
the stampings. The noise is reduced by adjusting the 
rotor to the stator with regard to magnetic unbalance 
as discussed in Subsection D of Section 5-11, a loose 
core has to be re-clamped or tightened up by driving 
micarta textolite or some other wedges between the 
iron stacks. 

F. VIBRATION 

OF STATOR WINDING 

Excessive vibration of the stator winding both in 
the slot and at the end parts very often results in damage 
to and breakdown of insulation. Excessive vibration 
of the winding in the slots results from its poor tighten- 
ingin the slot and inadequate holding down by the 
slot wedge. 

Forces brought in by these vibrations may slowly 
deteriorate the insulation of the slot winding. If in 



































raTLCH MeAJieHHOMy pa3pymeHHio. Ilpn HajiHUHH b 
na3ax HepOBHOcreii b bhac BbiCTynaiomHx jihctob crajiH 
pa3pyiueHHe hact 6oJiee HHTeHCHBHo . Bn6panHH b jio 6 o- 
BblX HaCTHX o 6 mOTKH, B 03 HHKai 0 HjaH B SojibnieH CTe- 
neHH npn Sojibihom BbineTe jioSobbix uacTeii h HeAO- 
CTaTOUHO Ha^eJKHOM HX KpenJieHHH, oSbIHHO BbI3bI- 
Baer pa3pymeHHe hsojihahh crepnaieH b MecTax hx 
Bbixofta H3 na3a b bhac H3JioMa, TpemnH h T.n. 

B CBH3H C 3THM. npoSOH H30JIHIJHH Ha KOpItyC 6 oJIb- 
IlieH HaCTblO npOHCXOAHT B 30He BblXOfla CTep>KHeH H3 
na 3 a. HenocpeACTBeHHO b jioSoboh nacrH BuSpaiuiH 
Bbi 3 biBaioT nepeMeHHbie onaTHH h pacmHceimH H30- 
JIHAHH H CMHTHe B MeCTaX COIIpHKacaHHH C AHCTaHIJHOH- 
HbiMH pacnopnaMH h 6 aHAa>KHbiMH KOJibijaMH. B CHJiy 
3 T 0 r 0 B MecTax COnpHKacaHHH 06 MOTKH C AHCTaHIJHOH- 
hbimh pacnopnaMH hsojihahh pa3pymaeTCH h npo- 
6 nBaeTCH. 

9-7- HEnOJIA^KH B PABOTE 
nOaumnHHKOB 

A. OEIUIIE 3AMEHAHHJI 

IIoAnHTHHK raApoarperaTa — BecBMa otbctctb eH- 
HbiH y3eji, onpeAejimoiAHH pa6oTOcnoco6HOcn> Bcero 
rHApoarperaTa. OcoSan pojib npHHaAne>KHT noAnnT- 
HHnaM KpynHbix mApoarperaTOB, hmcioiahx oceByio 
narpy3Ky ? npeBbiuiaiomyio 2000 tc npn yAeJiBHOM a^b- 
jieHHH 40—50 nrc/cM 2 h doJiee. 

MHorae HBJieriHn, npOHCxoAnmne b noAHHTHHKax > 
ocTaiOTCH nona eme He noHHTHbiMH> Tan nan pe>KHMbi 
paSoTbi noAnaTHHKOB H3yneHbi HeAOcraTOHHO. BBHAy 
3 Toro Ha MHornx npynHbix T3C noAnHTHHKH pa6o- 
TaiOT c MaJibiM K 03 c|)(J)HAHeHTOM sanaca pa6oTocnoco6- 
HOCTH. HeoGxOAHMO OTMeTHTB, HTO CaMbie THHCeJIbie 
ycnoBHH paSoTbi noAHHTHHK HcnbiTbiBaeT npH nycnax 
h ocTaHOBKax. HivieuHo b sth MOMeHTbi HannHaeT pa3- 
BHBaTBca ero HeHOpMaJiBHan paOoTa. 

XIpHHHH, Bbi3biBaioni;HX HeHopMaJiBHyio paOoTy noA- 
nHTHHKOB, conpoBO>KAaeMyio nacTbiMH noAnJiaBJie- 
hhhmh h HaTHrHBaHHHMH 6a66HTa Ha cenvieHTax, BecBMa 
MHOrO^ HO MbI OCTaHOBHMCH JIHUIB Ha paCCMOTpeHHH 
HanOojiee xapaKTepHbix h AocraTomio H3yneHHbix: 

1) rnioxan peryjinpoBKa 3 arpy 3 KH i<a>KAoro ceraeHTa; 

2) HepaBHOMepHoe pacnoJio>KeHHe cerMeHTOB; 3) iijio- 
xan caMoycTaHaBJiHBaeMOCTB cerMeHTOB; 4) yBejiHuen- 
Hbie Ae(J)opMaAHH cerMeHTOB ; 5) OTCJioeHHe 6 a 66 nTa 
hjih roioxoe ero nanecTBO; 6 ) noBpe>KACHHH hjih npn- 
BH3Ha Ha 3epKajiBH0H noB epxHOCTH AHcna ; 7) njioxan 
npHroHKa cerMeHTOB k 3 epKanBH 0 My Ancny h conpa- 
raioiAHXca miocKOCTeii Ha BepxHHX noAyniKax h ocho- 
BaHHHX cerMeHTOB; 8 ) noBbimeHHoe SneHne Bana 
THAporeHepaTOpa; 9) Macjio He yAOBJieTBOpneT npeA'bHB- 
jiaeMbiM TpeSoBaHHHM. 


the slots there are irregularities in the form of protrud¬ 
ing steel stampings, deterioration goes on more inten¬ 
sively. Vibration of the end parts caused primarily 
by excessive overhang of the winding ends and inade¬ 
quate fastening results usually in damage to the bar- 
insulation at the place where the bars come out from 
the slots. The damage is in the form of fracture, crack¬ 
ing, etc. 

That is why, ground fault of the insulation occurs 
mainly at the points where the bars emerge from the 
slots. In the end parts, vibration causes alternating 
compression and tension of the insulation and defor¬ 
mation on the contact with distance spacers and bandry 
rings. Because of this, insulation deteriorates and 
fails at the contact of the winding with the distance 
spacers. 

9-7- BEARING 
TROUBLES 
A. GENERAL 

The thrust bearing is a critical part which deter¬ 
mines the serviceability of the entire hydropower unit, 
A special part is played by the thrust bearing of large- 
size hydropower units with an axial thrust over 2000 tf 
at the unit pressure of 40—50 kgf/cm 2 and more. 

Many phenomena occurring in the thrust bearings 
remain still obscure because operating conditions of 
the thrust bearings have not been adequately investi¬ 
gated. Because of this, on many large hydropower 
developments, the thrust bearings work with a small 
serviceability margin. It has to be noted that the hardest 
conditions are experienced by the thrust bearing at 
starting and stopping. Its maloperation tends to deve¬ 
lop during such periods. 

Maloperation of the thrust bearings accompanied 
by frequent burning out and galling of babbit on the 
segments stems from fairly many causes. But we are 
going to discuss only the most typical and well studied 
causes, viz.: (1) poor load distribution between the 
segments; (2) irregular arrangement of segments; 
(3) poor self-adjustment of segments; (4) excessive 
deformation of segments; (5) exfoliation of babbit 
or its poor quality; (6) damage or curvature of the 
thrust runner mirror; (7) poor bedding of segments 
to the thrust runner mirror and mating surfaces on the 
upper pads and segment bases; (8) excessive run-out 
of the generator shaft; (9) inadequate oil used. 


E- IIJIOXAH PEryJIHPOKKA 3AFPY3KM 
KA>KAOrO CETMBHTA 

Harar hjih noAnjiaBJiHBaHHe 6a66nTa Ha ceraeHTe 
oSbihho HamraaeTCH c oahoto Handojiee Harpy>KeHHoro 
ceraeHTa hjih c ceraeHTa, nonaBinero no ApyrHM npH- 
HHHaM b HanSojiee Tnncejioe nonoHcemie. 3aTeM aBapna 
pa3BHBaeTCH BecBMa dbicrpo, Tan nan Temio ot 3Toro 
cerMema 3 epKajiBHBiM ahckom mthobchho nepeHOCHTCH 
Ha Apyrne ceraeHTbi, npHBOAH hx b coctohhhc, aHajio- 
rHHHoe nepBOMy. H3 stoto cjieAyer, hto no ycjioBHHM 
Harpy3KH padoTOcnocodHOCTB noAimraHKa onpeAeJin- 
eTcn padoTocnocodHOCTBK) Handojiee Harpy>KeHHoro cer- 
MeHTa. IIo3TOMy paBHOMepHOCTB pacnpeACJiemm iia- 
rpy3KH MOKAy OTACJIBHbIMH CerMCHTaMH HMeeT BecBMa 
cymecTBeHHoe 3HaueHHe a^ Bcex noAnnTHHKOB, h b 
nepByio onepeAB a^ h noAnnTHHKOB c HedoJiBniHM 
K034)c|>HAHeHT0M 3anaca pa6oTOcnoco6HOCTH. 

PacnpeAeJiHTB Harpy3Ky coBepmeHHO paBHOMepHO 
npaKTHnecKH hcbo 3 mo>kho, a noaTOMy npHHHTO chh- 
t3tb yAOBJieTBOpHTejiBHbiM pacnpeAejieHHe paBHOMep- 
hocth Harpy3KH Tanoe, npn kotopom pa3HOCTB b Har- 
py3Kax Men<Ay otacjibhbimh cerMeHTaMH He npeBBi- 
m aeT 10%. 

IIpH HCCJieAOBaHHH npHUHH, BbI3bIBaiOIAHX HeHOp- 

MajiBHyio padoiy noAnuTHHKa 5 omyTHMyio HepaBHOMep- 
hoctb b Harpy3Kax mojkho onpeACJiHTB BH3yajiBHo. 
Eojiee Harpy>KeHHbie cerMeHTbi hmciot dojiee npKne 
HarapKH Ha daddHTOBOii noBepXHOCTH. Ilpn stom CJie- 
AyeT HMeTB b BHAy, uto Aance xopomo OTperyjinpoBaH- 
hbih npH MOHTaHce noAHHTHHK nocjie HenoToporo Bpe- 
MeHH padOTbl MOJKCT HMeTB 3HaHHTeJIBHyiO HepaBHO- 
MepHOCTB b pacnpeAeJieHHH Harpy3KH Me>KAy cerMeH¬ 
TaMH. 3 t 0 MO>I<eT npOH30HTH BCJieACTBHe HepaBHOMep- 
Horo o6mhthh conjieHHeMbix nap noAnnTHHKa. 

PeryjinpoBKa paBHOMepHoro pacnpeAeJieHHH Harpy- 
30K Me>KAy cerMemaMH npoH3 BOAHTCh cnocodaMH, 
paccMOTpeHHbiMH b n.E. § 5-8. 

B. HEPABHOMEPHOE PACIIOJIOHOiHIIE 
CETMEHTOB 

HepaBHOMepHoe pacnojio>KeHHe cerMeHTOB no 
OKpyHCHOCTH H SKCIjeHTpHHHOe no OTHOineHHe K 3ep- 
KajibHOMii AHCKy MoryT Bbi3BaTB yxyAHieHHe b padoTe 
noAHHTHHKa 5 noBbiineHHe ero TeMnepaTypbi. B nepBOM 
cjiynae sto odbHCHneTCH TeM, hto npn iiajiHUHK y 
KaKHX-Jindo cMencHbix cerMeHTOB Majioro paccroHHHH 
Me>KAy hhmh, yHeceHHoe 3epKajiBHbiM ahckom c cer- 
MeHTa ropnnee Macjio, He ycnes oxjia ahtbch, nepe- 
hochtch Ha ApyroM cerMeHT, yxyAman ero TeMnepa- 
TypHbiii pencHM. PadoTocnocodHoeTB noAnnTHHKa no 
3 THM yCJIOBHHM dyAeT OnpeAeJIHTBCH AByMH 3THMH 
cerMeHTaMH. Hajinune sKCiteHTpnnHoro pacnoJio>KeHHH 
cerMema k AHCKy yxyAniaeT ycjiOBHH no co3AaHHio 
CTadHJIBHOCTH MaCJIHHOH nJieHKH. HaipaBJieHHe 3THX 
Aec|)eKTOB npOH3BOAHTCH cooTBeTCTByiom; eii peryjiH- 
poBKoii noJio>KeHHH cerMeHTOB. 


B. POOR LOAD DISTRIBUTION BETWEEN 
SEGMENTS 

Galling or burning out of the babbit on the seg¬ 
ments usually starts at the most loaded segment or 
at the segment which got under the hardest conditions. 
Then failure progresses rather quickly because the 
thrust runner transfers the heat developed by this 
segment to other segments bringing them into similar 
conditions. It means that in terms of loading, servicea¬ 
bility of the thrust bearing depends on serviceability 
of the most loaded segment. Therefore, uniform distri¬ 
bution of the load between separate segments is rather 
important for all thrust bearings and primarily for the 
thrust bearings with a small serviceability margin 
factor. 

It is impossible to obtain a perfectly uniform 
load distribution and therefore the load distribution 
is considered to be satisfactory when the difference 
in the loads acting on separate segments does not 
exceed 10%. 

When investigating causes of abnormal operation 
of the thrust bearing, tangible load difference can be 
detected visually. More loaded segments have brighter 
spots on the babbit surface. It should be borne in 
mind, however, that even the thrust bearings which 
were well adjusted during installation may have greatly 
non-uniform load distribution after running the unit 
for some time. It may be caused by non-uniform local 
deformation of the thrust bearing pairs. 

A uniform load distribution between the segments 
is adjusted by methods discussed in Subsection F of 
Section 5-8. 

C. IRREGULAR ARRANGEMENT 
OF SEGMENTS 

Irregular arrangement of segments over the periphery 
or their eccentric position with respect to the thrust 
runner may impair the operation of the thrust bearing 
and raise its temperature. In the former case, if the 
adjacent segments are arranged too close, the hot oil 
carried away by the thrust runner from a segment will be 
transferred to another one without getting cooled 
thus impairing its temperature conditions. Serviceability 
of the thrust bearing will depend on these two seg¬ 
ments. The eccentric position of the segment with 
respect to the thrust runner impairs conditions for 
maintaining a stable oil film. These defects are elimi¬ 
nated by appropriate adjustment of the segments in 
position. 
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i\ HJI0XAE GAMOyCTAHABJTHBAEMOCTb 
CErMEHTOB 

Ecjih cerivieHTbi He caMoycraHaBJiHBaiOTCH b nojio- 
>KeHHe 3 npn kotopom o6ecneHHBaeTCH iieKOTOpbiH na- 
KJIOH HX B CXOpOHy BXOAHOH KpOMKH H 3aX0A MaCJia 
MOK^y XpyrqHMHCH IXOB epXHOCXHMH , XO nOAIIHXHHK 

HopnajibHo paSoTaxb He Moncex. CaMoycxaHaBJiHBae- 
moctb cenvieHxa onpeAeJinexca BbiSpaHHbiM sKcijeH- 
xpHCHxexoM cerMeHxoB h bcjikhkhoh chji xpeHHH b 
conparaeMbix napax onopHOH nacxn cerMeHTOB. 

Bbi6op BejiHHHHbi h peryjiHpOBKa 3KCi(eHxpHCHxexa 
HMeiox BecbMa cymecTBeHHoe 3HaneHHe b pa6oxe iioa- 
rmxHHKa. BejiHHHHa SKCAeHxpHcnxexa b noAnnxHHKax 
KOJieSnexcH b aobojibho hihpokhx npeAeJiax (ot 2 ao 
12%) H 3aBHCHT OX pHAa npHHHH, o6yCJIOBJIHBaeMbIX 
ocoSeHHOCXbio na>KAoro noABHTHHKa. Majibie 3HaneHHH 
OKCAeHXpHCHxexa yxyAmaiox ycnoBHH 3axoAa Macjia 
Me>KAy TpymnMHcn noBepXHOCXHMH, a SojiBmne 3a- 
xpyAHHiox BbixoA Macjia nepe3 BbixoAHyio nacxb cer- 
MeHTa, co3AaBan b stoh nacxn nojxycyxoe xpeHHe. 

IIosTOMy pacnexaMH 3aAaioxcn ajih Ka>KAoro rana 
noAnnxHHKa pacneTHbie onxHMaJiBHbie 3HaneHHH 3KCijeH- 
xpHCHxeTa ero cerMeHxoB Koxopbie h cjieAyeT BbiAep- 
HCHBaTb npn MOHxa>Ke. 

B cjiynae ycxaHOBKH KaKoro-Jindo cerMeHxa c 6ojib- 
ihhmh OTKJioHeHHHMH ox 3aAaHHoro OKCAeHXpHCHTexa 
HaAe>KH 0 cxb paSoxbi noAnHTHHKa no sxhm npHHHHaM 
6yAex onpeACJiHTLCH sxhm HenpaBHJibHO ycxaHOBJieH- 
hmm cerMeHXOM. HanaBiunHCH npou;ecc HarpeBa OAHoro 
cerMeHxa MroHOBeHHO nepeAacxcn nepe3 ahck ApyrnM. 
BejiHHHHa SKCAeHxpncHxexa peryjiHpyexcH nepecxa- 
HOBKOlI SoKOBbIX OrpaHHHHBaKHAHX ynopOB. YBeJlH- 
nenne chji xpeHHH b conpnraeMbix onopHbix napax 
(onopiibiH 6ojit, xapejina h apO? Bbi3biBaeMoe cmhthcm 
b Mecxax conjieHeHH# bo BpeMH padoTbi, 3HanHxejibHO 
yxyAinaex caMoycxaHaBJiHBaeMocTb cerMeHxoB h xeM 
caMbiM CHHH<aex pa6oxocnoco6Hocxb Bcero noAnHTHHKa. 
OnbixaMH ycxaHOBJieHOj nxo CMnxne nponcxoAnx HepaB- 
HOMepHO h Ha oxAeJibHbix cerMeHxax BeJiHHHHbi ero 
HHorAa aoxoaht ao 0,15—0,25 mm. CaMO HBJieHHe 

CMHXHH MOJKHO JierKO OnpeAe.HTB BH3yaJIbHO. 

YMeHbimeHHH chji xpeHHH mo>kho aoShtbch nyTeM 
xepMHnecKon: oSpaSoxKH conpnraeMbix nap c nocjie- 
AyioiAeft mjiHcjjoBKOH. 

J\ m YBEJIHHEHME JFE^OPMAIJHH 
GETMEHTA 

YBeJinnemiaH AetJpopMaijHH cerMeHTOB, B03HHKaio- 
man noA achctehcm MexaHnnecKOH Harpy3KH h HepaB- 
HOMepHOH xeMnepaTypbi b cerMeHxe, HBJiHexcn cepBe3- 
hoh npHHHHoit, BJiKHioinen Ha yxyAineHne paSoxbi noA- 
nnxHHKa. B nepBOM cjiyuae 0Ha npoHBJiHexcn b bhac 
H 3rn6a BOKpyr tohkh onopbi, a bo BxopOM — b bhac 
B binynHBaHHH b cxopOHy 6a66nxoBOH noBepxHOCXH. 
IIosxoMy npn hccJ ie aob aHHH HeyAOBJieTBOpnxejiBHO 
paOoTaioniero noAnHTHHKa Ha axo HBJieHHe cjieAyex 
oOpaXHXB CepBe3HOe BHHMaHHe. BeJIHHHHbl AC(})OpM a AHH 
Ha BepxHHx noAyniKax h ochob aHHHX cerMeHxoB onpe- 
AeJIHIOT XeH30MeXpHneCKHMH H3MepeHHHMH, HaKJieHBaH 
xeH30MexpHnecKHe a^x^hkh Ha BepXHHe noAyniKH h 
OCHOB aHHH cerMeHTOB. 

YMeHBineHHe MexaHHnecKOH AO(J)opMaiiHH mohcct 
6biTB CACJiaHo nyTeM H3MeHeHHH tojiiahhbi hjih raSapH- 


D, POOR SELF-ALIGNIN G 
OF SEGMENTS 

If segments fail to assume a position ensuring some 
sloping towards the inlet edge and oil penetration 
between the friction surfaces, the thrust bearing can¬ 
not operate normally. Self-alignment of the segments 
is governed by the selected eccentricity of the segments 
and the magnitude of friction forces in the mating 
pairs of the segment bearing parts. 

Selection of the magnitude and adjustment of 
eccentricity plays a very important part in the thrust 
bearing behaviour. The magnitude of thrust bearing 
eccentricity varies within a wide range (from 2 1 6 
12 %) and depends on some factors stemming from 
the peculiarities of each thrust bearing. Small eccen¬ 
tricity impairs conditions for oil penetration between 
friction surfaces while excessive eccentricity impairs 
ingress of oil through the outlet part of the segment 
thus creating semi-dry friction in this part. 

Therefore, the design eccentricity is optimized by 
calculations for each type of thrust bearing and it 
must be met in installation. 

Should a segment be installed with great deviations 
from specified eccentricity, reliability of the thrust 
bearing operation will be dependent on this wrongly 
installed segment. Overheating of one segment will 
be immediately transferred through the thrust runner 
to the other segments. Eccentricity is adjusted by 
shifting the lateral stops. An increase in friction forces 
in the mating pairs (supporting bolt plates, etc.) caused 
by local deformation of the junction in operation consi¬ 
derably impairs self-alignment of the segments and thus 
degrades serviceability of the entire thrust bearing. 
Experiments proved that the local deformation is not 
uniform and at separate segments sometimes reaches 
0.15—0.25 mm. A local deformation can be readily 
detected visually. 

Friction forces can be reduced by thermal treatment 
of the mating pairs with subsequent polishing. 

E- INCREASE IN 
SEGMENT DEFORMATION 

Excessive deformation of the segments caused by 
a mechanical load and non-uniform temperature in 
the segment impairs critically the operation of the thrust 
bearing. In the former case, it shows up in the form of 
bending round the supporting point. In the latter 
case, it shows up in the form of buckling towards the 
babbit surface. Therefore, when investigating the thrust 
bearing maloperation, this phenomenon must be given 
particular attention. Deformation in the top pads and 
in the segment bases is measured by strain sensors 
glued on the top pads and segment bases. 

Mechanical deformations can be reduced by chang¬ 
ing the thickness or sizes of the lower pads. Thermal 
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tob hhhchhx noAymeK, a TenjioBbie A e 4>opMaAHH yMeHB- 
rnaiOT yBejiHHeHHeM cTeneHH OTdopa Teiuia ot cerMeHTa. 
YBejiHuemie CTeneHH oxbopa Tenjia ot cerMeHTOB npo- 
h3B0ahtch 3a cuex yjiyumeHHH oxjia>KAeHHH Macjia 
pa3ACJieHHeM noTOKOB ropnuero h xojioAHoro Macjia h 
yBejiHHeHneM paccTOHHHH MencAy cerMeHTaMH, jihSo 3a 
cneT b cTpaHBaHHH b noAyuiKy noA 6a66HTOBbiH cjioh 
cneijHaJiBHoro 3MeeBHKa, uepe3 kotopbih 3aTeM nponyc- 
KaK>T oxJia>KAaK)myK) bo Ay* 

E. OTCJIOEHliE EAEEHTA II ETO TIJIOXOE 
KAMECTBO 

OTCJioeHHe 6a66nTa ot CTajin hbjihctch oahoh H3 
npHHHH, BBI3BIBaiOmHX HeyAOBJICTBOpHTeJIBHyiO padOTy 
noAnHTHHKa. OTCJioeHHe obbimio HaSjiiOAaeTCH nocjie 
cpaBHHTejiBHO AJmTeJiBHoro nepnoAa SKciuiyaTaAHH, ho 
HHorAa 3T0 np ohbjihctch h cpa3y nocjie nycKa arpe- 
raTa. IIphhhhoh 3 TOMy HBjineTCH njioxoe KauecTBo 
3ajiHBKH cerMeHTOB, b pe3yjiBTaTe uero noA B03Aeii- 
cTBHeM 3HaKonepeMeHHbix Harpy30K ot MacjiHHoro 
KjiHHa Ha cerMeHT 6a66HT, byAyun iuioxo cKpenjieH co 
CTajiBio, oTCTaer ot nocjieAHen, a BnocjieACTBHH npocTO 
cjiohmh BbiKpauiHBaeTCH, HapyuiaH npoijecc (JjopMnpo- 
BaHHH MacjiHHOH njieHKH. OTCJioeHHe 6a66nTa ot CTajin 
M05KH0 O0Hapy>KHTB HMIiyJIBCHblM y JIBTp 33By KOB bIM 
Ae(J)eKTOCKonoM jih6o c noMoiABio KepocHHOBOH npodbi. 
B nepBOM cjiynae yjibTpa3ByK0BaH BOJiHa, oTpancaacb 
nOJIHOCTBIO B MeCTaX OTCJIOeHHH, B MeCTaX XOpOHIHX 
KOHTaKTOB 6a66nTa co CTajiBio OTpa>KeHHbix HMnyjibCOB 
HMeTt He 6yAex. Bo btopom cjiynae ajih onpeAejieHHH 
MecT OTCJioeHHH hjih TpeiAHH b 6 a66HTe ACJiaeTCH cjie- 
Ayiomee: 6a66HTOBan noBepxHocTb CMa3biBaeTCH o6hjib- 
HO KepOCHHOM, a 3aTeM BbITHpaeTCH H nOKpbIBaeTCH 
pacTBopoM Mejia c boaoh. 3aTeM ceraem* ocTaBjiniOT 
Ha 24 h Rjm npocyuiKH. Ilpn HajiHUHH otcjiochhh hjih 
TpemHH b 3thx MecTax uepe3 Bbicoxniyio noKpbiTyio 
MejioBbiM pacTBopoM noBepxHOCTb BbiCTynaiOT uhthsl 
KepocHHa, hto HBJiHercH cBHAeTejibCTBOM Ae^eicra. 

Iljioxoe KauecTBO 6a66HTa Taione mohcct Sbitb npn- 
hhhoh HeyAOBJieTBOpHTejibHOH padoTbi noAnHTHHKa. 
YxyAHieHne KauecTBa 6a66HTa oGbiuho nponcxoAHT 
BBHAy HapymeHHH TeMnepaTypHoro pencHMa npn 3ajiHB- 
Ke hjih HanjiaBKe, npn kotopom H3 6a66nTa BbiropaeT 
ojiobo h ero cocraBJiniomaH uacTb b 6a66nTe yMeHt- 
rnaeTCH. nojiyuei-iBbin hobbih cocraB 6a66nTa c MeHB- 
hihm npoAeHTOM ojiOBa HMeeT tchachahio k HaMa3bi- 
BaHHio Ha ahck noAnHTHHKa. 

nOBPE>KJJEHH>I IIJIB KPHBH3HA HA 
3EPKAJIBH01 nOBEPXHOCTH T^HCKA 

HaJiHHHe noBpencAeHHH hjih KpHBH3Hbi Ha padonen 
noB epxHOCTH Ancica noAnHTHHKa 3HanHxejibH0 yxyA- 
rnaeT npoAecc (jjopMHpoBaHHH MacjiHHOH njieHKH, hto 
npHBOAHT k HeyAOBJieTBOpHTejibHOH padoTe noAnHT¬ 
HHKa. Ilpn 3tom HaAO HMeTb b BHAy, hto HHorAa 3ep- 
KaJIbHblH AHCK C OTHOCHTCJIBHO XOpOIHHM COCTOHHHeM 


deformations are reduced by intensifying beat removal 
from the segment. 

Intensification of heat removal from the segments 
can be afforded through the improvement of oil cooling 
by separation of hot and cold oil flows and increasing 
the space between the segments or by embedding a 
special coil for the cooling water under the babbit 
layer. 

F. EXFOLIATION OF BABBIT AND ITS POOR 
QUALITY 

Exfoliation of babbit from the steel surface is one 
of the causes resulting in maloperation of the thrust 
bearing. Exfoliation of babbit occurs usually after a 
relatively long period of operation, but sometimes it 
happens immediately after putting the unit in service. 
It is caused by poor babbitting and, as a result of it, 
a sign-variable load induced by the oil wedge on the 
segment causes the babbit to come off because of a 
poor bond to the steel surface and then it exfoliates 
upsetting oil film formation. Babbit exfoliation from 
the steel can be detected by an ultrasonic flaw detector 
or by kerosene testing. In the former case, the ultra¬ 
sonic wave reflects completely from the places where 
the babbit came off, while a sound bond between the 
babbit and the steel surface does not give a reflected 
pulse. In the latter case, babbit exfoliation or cracking 
is determined in the following way: the babbit surface 
is generously wetted with kerosene, then the kerosene 
is wiped out and the surface is coated with water 
solution of chalk. Then the segment is dried out for 
24 hours. If there are exfoliations or cracks, kerosene 
stains come out through the dried-out chalk coat 
which indicates the presence of a defect. 

Poor quality of the babbit also may be the cause 
of the thrust bearing maloperation. Degradation of 
the babbit usually results from failure to maintain 
the specified thermal conditions during babbitting 
which causes tin to burn out and its share in the babbit 
reduces. The new babbit composition with a reduced 
tin percentage tends to stick onto the thrust runner* 

G. DAMAGE TO OR CURVATURE 
OF THE THRUST RUNNER MIRROR 

A damaged or curved mirror surface impairs consi¬ 
derably oil film formation which results in malopera¬ 
tion of the thrust bearing. It should be borne in mind 
that the thrust runner with the mirror in a relatively 
good condition may deteriorate while starting up the 
unit which was in operation for some time — (the 
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iiob epxHOCTH npH nycne nocjie HeKOToporo BpeMemi 
SKcnjiyaxai^HH npuxoAHT b Hey^OBJieTBopHTeJiBHoe co- 

CTOHHHe: Ha HOBepXHOCTH npOHBJIHIOTCH nOBpOKAeHHH 
HJIH KpHBH3H3, JIHfiO TO H APyFOe BMeCTe. IIoOTOMy 
npH aHajm3e HeyAOBJieTBopHTejitHOH pafioTbi noAiiHT- 
HHKa HaAO b nepsyio onepeAt ocMOTpeTB paGonyio 
noBepxHocTb 3epKajibHoro A^cKa h npoH3BecTn coot- 
BeTCTByiomHe 3aMepti ero KpHBH3Hbi. Ilpn ocMOTpe 
MoryT 6biTb o6napy>KeHbi Aapanm-ibi hjih phckh, nojiy- 
neHHbie b pe3yjibTaTe nonaAaHHH b Macjio rpH3H hjih 
M eTajuiHHecKOH cTpy>KKH, jih6o TonenHoe BbinynHBa- 
HHe, nojiynaeMoe Ha nOBepXHOCTH 3a cnex BbiAejieHHH 
ra30B H3HyTpH Mexajura. HHorAa 3 th Mecrabie Bbiny- 
HeHHbie TOHKH HMeiOT paCKpbITHe, np0H3BeAeHH0e 
BbiAeJineMbiM boaopoaom. 

KpHBH3Ha pa6oneH nOBepXHOCTH 3epKajibHoro AHCKa 
npoBepneTCH npH noBopoTe poxopa, ycxaHaBJiHBan noA 
Ahck mokay cerMeHTaMH HHAHKaxop hjih ajieKTpoMar- 
HHTHBIH AaTHHK. KpHBH3Ha Ha pafiOHeii nOBepXHOCTH 
AHcna MO>KeT nojiynHTbCH BCJieACTBHe AC(J)opMaAHH; Kan 
caMoro AHcna, TaK h onopHOH BTyjiKH, KOTopan bo3hh- 
Kaer npH nepepacnp e AOieiraH ocTaTOHHbix Hanpn>Ke- 
hhh, noJiyneHHbix ripn jiHTLe, KOBKe hjih ropnneH 
nocaAKe BTyjiKH Ha Baji. KpHBH3Ha mo>kct 6bitl bbi 3- 
BaHa HepaBHOMepHbiM pa3pyuieHHeM ycTaHaBJiHBaeMbix 
HHorAa npn MOHTa>Ke npoKJiaAOK mokay ahckom h 

BTyjIKOH. 

06Hapy>KeHHbie Ha 3epKajibHOH nOBepXHOCTH A^cna 
nOBp e>K ACHHH HCnpaBJIHIOTCH IHJIH(J)OBKOH TOHKHMH 

nacTaMH Ha Meere jih6o Ha 3aBOAe-H3roTOBHrejie. Ilpn 
3 tom cjieAyeT hmctb b bhay? hto noBpoKACHHH, nojiy- 
neHHbie ot npopbma BOAopoAa? 6e3 3aBapKH sthx mcct 
h nocjieAyioiAeH npOTOHKH h ihjih<|)obkh ofibiHHo ycrpa- 
HHTb He yAaeTCH. KpHBH3Ha no b epxHo cth bbiboahtch 
jihSo nyTeM iiijihcJjobkh TbiJibHOH nacra, jih6o 3a cneT 
ycTaHOBKH cootb eTCTBy ioiahx peryjiHpoBomibix npo- 
KJiaAOK mokay ahckom h CTynnmeH. HiiorAa Bee Bbime- 
ynoMHHyTbie A^^eKXbi yAaeTCH ycTpaHHTb npnpaSoTKOH 
3 toh nOBepXHOCTH Ha o6opOTax npn AoSaBJieHHH b 
M acjio cepbi. nocjieAHHH cnoco6 6biJi npeAJio>KeH Hh- 
CTHTyTOM MauiHHOBe achhh h ycneuiHo onpo6oBaH Ha 
r opbKOBCKOH T3C. CyTb ero cboahtch k hhtchchbhoh 
XHMHKO-M exaHHHeCKOH ofipafiOTKe nOBepXHOCTH TpeHHH 
B 3KcnjiyaTaAHOHHbix ycjiOBHHX npn Ao^aBJieHHH b 
M aCJIO npHCaAKH B BHAe HeCBH3aHHOH aKTHBHOH cepbi 
b KOJinnecTBe 1,2% ot o6iAero ofibeMa CMa3KH. CMa3Ka 
Ajih 3thx Aejien npHroTaBJiHBaeTCH cJieAyioiAHM o6pa- 
30 m: b Macjio a° 6aB jihctch 3% cepbi h HarpeBaeTCH 
oho b cneijHajibHOH cmkocth ao TeMnepaTypbi 150°C. 
CMecb HenpepbiBHO nepeMeuiHBaeTCH h acp>khtch npn 
3 toh TeMnepaxype 20—25 n. SaTeM nojiynemiyio CMecb 
c 3 %-hoh KOHAeHTpaAHen cepbi cmchihb aiOT c hhctbim 
M acjioM b nponopAHH, htoSbi KOHiieHTpanHH cepbi b 
hoboh CMecH 6buia 1—1,2%. 

3. IIJlOXAfl nPlffOHKA CETMEIITOB K 

3EPKAJlhHOMY AMCKY If 

COIl PH I'A lOIUHXCfl IIJIOCKOCTEH HA 

BEPXHHX nO^yiUKAX H OCHOBAIIIIHX 

CEl'MEHTOB 

IIpHroHKa cerMeHXOB k 3epKajibHOMy A^cny A-fl# 
nOAHHTHHKOB, HMdOIAHX CpaBHHTeJIbHO OoJIbUIHe yACJIb- 
Hbie AaBJieHHH, HMeeT nepBOCTeneHHoe 3HaneHHe. 


mirror surface becomes defective or curved) or both. 
Therefore, in analyzing the maloperation of the thrust 
bearing, attention primarily has to be given to the 
mirror surface and respective measurements must be 
made of its curvature. Examinations may reveal scrat¬ 
ches or scores resulting from fouling the oil with dirt 
or metal chips, or point-like swelling caused by gas 
releases inside the metal. Sometimes these locai point¬ 
like swells are broken open by hydrogen releases, 

The curvature of the thrust runner mirror is tested 
by rotation checks with a dial gauge or an electro¬ 
magnetic transmitter being fixed under the thrust runner 
between the segments. The curvature of the thrust 
runner mirror may be caused by deformation of the 
thrust runner proper or the collar which develops 
due to re-distribution of residual stresses attained 
in casting, forging, or shrinking the collar on the 
shaft. The curvature may be caused by non-uniform 
deterioration of the shims which are sometimes placed 
between the thrust runner and the thrust collar. 

Defects detected on the thrust runner mirror are 
rectified by grinding with fine abrasive paste on the 
job or in the shop. Damages caused by hydrogen break 
through cannot be usually eliminated without welding, 
machining and grinding. The curvature is eliminated 
either by grinding the rear side or by shimming bet* 
ween the thrust runner and the hub. Sometimes, all 
the above defects can be eliminated by running in this 
surface with with sulfur added into the oil. This method 
was suggested by the Machine Research Institute and 
was successfully tested at the Gorky hydroelectric 
power plant. The method consists in intensive chemical 
and mechanical treatment of the friction surfaces 
during commercial operation with free active sulfur 
being added to the lubricant (1.2% of the lubricant 
quantity). The lubricant for this purpose is prepared 
as follows: 3 % of sulfur is added to the oil and the oil 
is heated in a special vessel up to 150°C. The mixture 
is agitated continuously and kept at this temperature 
for 20—25 hours. Then the mixture with a 3% sulfur 
concentration is diluted by fresh oil to reduce the sulfur 
concentration to 1—1.2%. 

H. POOR BEDDING OF 

SEGMENTS TO THRUST 

RUNNER MIRROR 

AND MATING SURFACES ON 

THE TOP PADS AND SEGMENT BASES 

For the thrust bearings having relatively high 
specific pressure, bedding of the segments to the thrust 
runner is of a primary importance. 
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MeHbine Ha cerMemax to nen Kacamm k AHcny, TeM 
fiojiLHine yAejibHbie AaBJieHHH nepeAaroxcH Ha oth 
TOHKH. 

Ecjih npH aHajiH3e npHHHH HeyAOBJieTBOpHTCJibHofi 
pafioTbi noAHHTHHKa 6yACT ofiHapyxceHa njioxan npn- 
roHKa cerMeHTOB k AHcny, T.e. HeAocraTOHHoe hhcjio 
ToneK KacaHHH Ha cerMeirrax (MeHee 2 Tonek Ha 1 cm 2 ), 
to cerMeHTbi HaAO nepemafipHTt. Ilpn stom peKomeH- 
AyeTcn mafipeHHe npoH3BecTH no AHCKy c KoirrpoJieM 
npn noBopoTe arperaTa boaoh hjih b KpafiHeM cjiynae 
npH noBopoTe KpaHOM (cm, n. § 5-8). 

Iljioxoe npmieraHHe CQnpnraiomHxcH iuiockoctch 
H a BepxHHx noAyuiKax h ocHosaHHHx cerMeHTOB TaKHce 
MOHceT fibiTB npiiHHHOH, yxyAHiaioiAeii pafioTy noAiXHT- 
HHKa. 3 to 06 bHCHHeTCH Tew, hto npn Harpy 3 Ke Ha 
cerMeHTbi ohh Ae4>opMHpyK>Tcn, aoboah hx conpnHce- 
hhh ao nojiHoro npnjieraHHH conpnraeMbix tohck, npn 
kotopom b HenoTopbix ceneHHHx ceraeHTa nojiyHHTc h 
nan 6 bi npeABapHTejibHoe HanpHncemie H 3 ra 6 y. B cboio 
o^epe^i, ynpyrae chjim b cerMeHxax Bbi3t>iBaioT b sthx 
ceyeHHHx AonojiHHTejibHtie Harpy 3 KH. 

HcXOflH H3 3T0r0, npH aH£UIH3e HeyflOBJieTBOpH- 
TeJILHOH paSoTBI nOAIIHTHHKa HeoSxOAHMO npOBepiHTb 

npHJieraHHe conpHraeMbix njiocKocTefi. Oho hoji>kho 
6 biTb npaKTHHecKH njioTHbiM npn cboSohhom onnpa- 
hhh BepxHefi nonyuiKH Ha ocHOBaHHC 6e3 KaKoii-jiH 6 o 
HonojiHHTejibHOH npnrpy3KH. 

II, nOBMUIEHHOE EHEHHE BAJI A 
rHflPOrEHEPATOPA 

npn aHajiH 3 e npHHHH HeyHOBJieTBopHTejibHoft pa- 
0OTbI nO^BHTHHKa HeoSxOBHMO oSpaTHTb T3K)Ke BHH- 

MaHiie Ha BejiBBBHbi 6 hchhh reHepaTopHoro Bana, 
Bbi3BaHHoro HenepneHBHKyjiBpHOCTbio njiocKocrH Tpe¬ 
HHH HHCKa noBnHTHBKa k ocb Bana. Xoth yBc.iH^ieiiHoe 
6HeHne Bana He mojkct 6biTb caMocTOHTejiBHOH npHBH- 
hoh njioxoH paSoTbi noflnHTHHKaj tcm He MeHee b cobo- 
KynHOCTH c BpyrHMK npHBHHaMH, yxynuiaiomHMH pa6o- 
xy noBnHTHHKa, sto BBJieHHe mower arpaTb nonoji- 
HBion^yK) OTpiiBaTejibHyio pojn>. 

Ecjbi 3asiepeHHbie Ha <J>jiaHBe reHepaxopHoro Bana 
BejiHHHHbi ero 6HeHHH SynyT npeBbiniaTb BonycTHMbie 
3HaBeHHB (cm. Ta6ji. 14), to bojbkho 6brib npoH3BeBeHO 
cooTBexcTByiomee yMeHbBieHHe axoro Ghcbhh. IIpH 
yMeHbuieHHH 6HeHHH Bana, noMHMo ynyqnieHHH paSoxbi 
noBnHTHHKa, ynyBuiaexca Taione paSoTa Bcex nn mmm - 
HHKOBbix y3noB h yMCHbrnaeTCH BHSpaBHH Bcero 
rHflpoarperaxa. CnocoSbi ycxpaHeHHH noBbinieHHoro 
6neHHH Bana, BW3biBaeMoro HenepneHBHKynHpHocxbio 
Bbockoctb xpeHHH BHCKa k oca Bana, paccMOTpeHbi b 
n. E § 5-9. 


The less the number of points of contact with the 
thrust runner mirror, the higher is the pressure acting 
on these points. 

If the analysis of the thrust bearing maloperation 
reveals poor bedding of the segments to the thrust 
runner, i.e., inadequate number of points of contact 
(less than two points per cm 2 ), the segments must be 
scraped again. It is recommended that the segments 
should be scraped to the thrust runner with checks 
being made on the unit rotated by the water flow or 
with a crane (see Subsection E, Section 5-8). 

Poor bedding of the mating surfaces on the top 
pads and segment bases may also impair operation 
of the thrust beating. This is explained by the fact 
that on loading the segments, they become deformed 
in bringing the mating surfaces to a close fit at the 
points of contact, which results in a sort or preliminary 
bending stress at sonie of the segment sections. In 
their turn, elastic forces in the segments bring in addi¬ 
tional loads on these sections. 

With due regard for this, in analysing maloperation 
of the thrust bearing, it is necessary to check the mating 
surfaces for bedding. The bedding must be a close fit 
with the top pad resting on the base without any addi¬ 
tional load. 

I. EXCESSIVE RlJN-OHT 
OF GENERATOR SHAFT 

In analysing maloperation of the thrust bearing, 
attention must be also given to the run-out of the 
generator shaft due to vertical misalignment of the 
thrust runner relative to the generator shaft. Though 
an excessive run-out of the shaft can not be a self- 
contained cause of poor operation of the thrust 
bearing, nevertheless this phenomenon may play an 
additional negative part in combination with other 
causes. 

If the run-out, as measured at the generator shaft 
flange (see Table 14), exceeds the specified tolerances, 
measures must be taken to reduce this run-out. Reduc¬ 
tion in the run-out of the shaft alongside with improve¬ 
ment of the thrust bearing operation improves also the 
behaviour of all the bearings and decreases vibration 
of the entire unit. The methods for eliminating exces¬ 
sive shaft run-out caused by the thrust runner vertical 
misalignment with the shaft axis are discussed in 
Subsection B of Section 5-9. 
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K. MACJIO HE y^OBJlETEOPSET 
IlPli • 1,’IiJiBJIMEM i»IM TPEEQBAHHSIM 

HenpaBHJitHO noAoSpamiaH bh3Koctb Macjia hjih 
Hajin^ne b Macjie BpeAHBix npHMecefi momkct 0Ka3aTB 
cymecTBeHHoe bjihhhhc Ha yxyAiueHHe paSoTBi nOA- 
IIHTHHKa. 

JtnH KancAOH rpyraibi noAnHTHHKOB b saBHCHMOCTH 
OT HX KOHCTpyKAHH H HaTpy30K CymeCTByeT KaKOe-TO 
onTHMajiBHoe 3HaneHHe bh3kocth, npn kotopom co3- 
AaiOTCH HanGojxee 6jiaronpHHTHbie ycjiobhh rjw paSoTBi 
TpymHxcH nap Ancna h cerMeHTOB. Ilpn otom cjieAyeT 
HMeTB b BHAy> hto a™ pa6oTE>i raApoarperaTa onra- 
MajiBHoe 3 HaneHHe 6yAeT coBepmeHHo ApyrnM, neM 
AJiH nycKOBoro nepHOAa. 

IloaTOMy a^h oSecneneHHH HanSojiee 6jiaronpHHT- 
hbix ycjioBHH ajih paSoTBi noAnHTHHKa npn nycnax h 
Ha oSopoTax sto onTHMajiBHoe 3HaneHHe bhskocth 6yAer 
HMeTB KaKoe-To cpeAHee 3HaneHHe> onpeACJineMoe 
oGbihho 3KcnepHMeHTajiBHo. IIpHMeHeHHe MeHee bh3- 
khx Maceji npHBOAHT k yMeHBHieHHio noTepB Ha TpeHHe 
h yjiynmeHHK) sBaKyaijHH ropHHero wacjia, ho yxy a- 
niaeT ycjioBHH nycna. B stom cjiynae rHApoarperaT 
nycKaexcH nonxH npn oTcyTCTBHH MacjiHHOH iuiemoi 
Me>KAy TpyiAHMHCH nOBepXHOCTHMH. 

Hcxoah H3 3Toro, npn pa3pa6oTKe MeponpHHTHH no 
CHHHceHHio TeMnepaTypti noAnHTHHKa BecBMa u;ejiecoo6- 
pa3H0 npeAycMOTpeTB npOBeACHHe 3Kcnep hmchtob no 
H3MeHeHHK) BH3K0CTH MaCJia, KOTOpbie MOryT A a TB 
nojio>KHTejiBHbie pe 3 yjiBTaTbi. 

PaSoTa noAnHTHHKa mojkct Tanace yxyAuiaTBCH npn 
nonaAaHHH b Macjio nocropoHHHx npHMeceii b bhac 
M eTaJumnecKOH crpyncKH, rpn3H, boabi h Apyrnx 
BKJnoHeHHH. Il03T0My Macno aojihcho nepHOAHnecKH 
noABepraTBCH aHajiH3y h npn Heo6xoAHMocTH ohhctkc 
hjih aaMCHe. Bo Bcex cjiynanx nocjie nycna arperaTa 
nepe3 72 n paSoTBi noA Harpy3KOH Macno b noAnHTHHKe 
peKOMeHAycTCH 3aMeHHTB, TaK KaK b nepBBiH nepHOA 
pa6oTBi npn npHpaGoTKe conpnraeMBix A^raJieH HeH3- 
6 okho noHBJieHHe b Macjie MeTajuinnecKOH ni>iJiH h 
crpyHceK. IIpH paccMOTpeHHH Bonpocos, KacaiomnxcH 
KanecTBa Macjia, hcoSxoahmo Tannce oSpaTHTB cepBe3- 
Hoe BHHMaHHe Ha HHTeHCHBHOCTB oxjia>KACHHH Macjia h 
H a opraHH3anHK> OT6opa Tenjia ot cerMeHTOB h A HCKa * 
npH 3TOM HaAO HMeTB B BHAy> ^TO HHTeHCHBHOCTB Ot6o- 

pa Tenjia mokct 6bitb yjiynmeHa 3a cner yBejmneHHH 
paccTOHHHH Me>KAy cerMeHTaMH, a Tannce 3a cneT 

BBeACHHH B KOHCTpyKAHIO noAnHTHHKa CneiJHaJIBHBIX 
yCTpOHCTB, KOTOpBIMH CHHMaJIOCB 6bl TOpHHee MaCJIO 
c 3epKana. 

yjiyquieHHe pa3A£JiCHHH noTOKOB ropnnero h xojioa- 
Horo Macjia xonce Aaer xopomne pe 3 yjn»TaTbi b nacra 
OTSopa Teiuia. KapflHHajibHbra >Ke peuiemieM no oifiopy 
Tenna ot cerMeHTOB h 3epKana hbjihctcb 3 ajio>KeHne 
nofl cnoeM 6a66nTa cnei^nansHbix Me^iiBix TpyfioK, 
qepe3 KOTopwe nponycKaercH oxnanmaioman boau> o 
neM 6bmo CKa3aHO b n. E § 5-8. 


J. OIL DOES NOT 
MEET SPECIFICATION 

A wrong oil viscosity or presence of harmful impu¬ 
rities may tangibly impair the behaviour of the thrust 
bearings. 

Depending on their construction and loads a certain 
optimum viscosity is specified for each group of the 
thrust bearings which creates most favourable condi¬ 
tions for friction surfaces of the thrust runner and seg¬ 
ments. It should be noted however, that the optimum 
conditions for the unit operation will differ comple¬ 
tely from those for the start-up period. 

Therefore, to provide most favourable conditions 
of operation for the thrust runner at start-up and during 
running, the optimum viscosity will have an average 
value which is usually determined by experiments. 

Employment of oils with lower viscosity reduces 
friction losses and improves evacuation of hot oil but 
degrades start-up conditions. When this is the case, 
the hydropower unit is started up without the oil 
film between the friction surfaces. With this in mind, 
when working out measures aimed at decreasing the 
thrust bearing temperature, it is advisable to plan 
some experiments with oil viscosity variation which 
may yield some positive results. 

Operation of the thrust bearing may be also degra¬ 
ded by contamination of oil with impurities such as 
metal chips, dirt, water and other impurities. There¬ 
fore, oil must be regularly tested and when required, 
cleaned or replaced. In all cases, after running the unit 
on load for 72 hours, the thrust bearing oil should 
be replaced because during the initial period of opera¬ 
tion the running-in of the mating parts causes metal 
dust and chips to appear in the oil. In considering 
the oil quality care should be taken to intensify oil 
cooling and to improve heat removal from the thrust 
runner and segments. It should be borne in mind 
that the rate of heat removal can be upgraded by 
increasing the space between the segments as well 
as by provision of special features in the thrust bearing 
construction to evacuate hot oil from the thrust runner 
mirror. 

Improved separation of hot and cold oil flows 
also contributes to effective heat removal. Heat removal 
from the segments and thrust runner mirror can be 
greatly improved by embedding special copper tubes 
for cooling water under the babbit layer. This was 
discussed in Subsection B of Section 5-8. 
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